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a SUMMARY

The detailed design of the WES centrifuge and the outline design of the containment structure
are now complete. ANS&A has worked closely with the designers of the centrifuge, Acutronic
SA of France, and with the different Laboratories of the US Army Corps of Engineers to ensure
that the new capabilities that will be established by the commissioning of the centrifuge meet as
far as possible the research goals set out in the WES Broad Agency Announcement of December
1988.

ANS&A's programme of Quality Assurance has provided a smooth interface between the future
users of the facility and the design and specification of the centrifuge and its associated
appurtenances. The involvement of all of the Research Laboratories of the Corps of Engineers
in the centrifuge project has led to a broadening of the research goals set out in ANS&A's
response to the WES BAA and ANS&A's Quality Assurance activities have also widened in
their scope to accommodate this welcome development.

ANS&A recommend that the design of the centrifuge, as presented at the Final Design Review
meeting in France in November 1992, should be accepted. A number of key changes have been
made to the original conceptual design to meet the performance specification. The swinging
platform will be supported on either side by three straps, with six pins in total connecting the
straps to the platform slab. The magnitude of the forces passing through the hinges into the
booms has led to the necessity of increasing the boom diameter near the ends, to provide an
adequate bearing surface. Although both of these changes will impact on the user to a degree,
this will be minimal in practice.

ANS&A recommend that the operating envelope of the centrifuge as designed be rcvibcd in the
150 to 350g range to fully bcnefit from the high load capacity of the swinging platform design.
The operating envelope, which at present is limited in the mid-range by the limiting out-of-
balance condition, can be pushed outwards without compromising the safety of the facility
provided that the user can guarantee the integrity of the package under all failure conditions.

ANS&A have considered carefully the usage of the control building, connecting walkway and
containment structure. ANS&A recommend that an integrated package transport system be
adopted, based on floor movement of heavy packages, rather than crane transportation.

The integration of the centrifuge, the containment structuie and the appurtenances is critical to
the successful completion of the project. ANS&A recommend that the Quality Assurance
Programme should embrace all aspects of the facility development, including also personnel
training, marketing and the development of research programmes. This will be the subject of a
further proposal under the BAA.
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1.0 DESIGN OF THE WES CENTRIFUGE

1.1 BACKGROUND

This report is one of a series of reports prepared by Andrew N Schofield & Associates
Ltd (ANS&A) addressing the development and commissioning of new capabilities for
physical modeling research at the Waterways Experiment Station (WES), through the
acquisition of a powerful centrifuge facility. The research described herein forms Phase
3a and 3b of the programme of work first proposed under ANS&A's response (of 17
April 1989) to the WES Broad Agency Announcement (BAA) of December 1988.

Phase 1 of this project, entitled "Safety Factor Analysis for Centrifuge Systems",
addressed the specification, Quality Assurance (QA) procedures and safety of
operations that would be required to successfully commission a new centrifuge center at
WES. In the Final Technical Report under Phase 1 (Contract Number DAJA45-90-C-
018), ANS&A (1992), it was recommended that WES should buy the Acutronic 684-1
centrifuge subject to the implementation of QA procedures designed to ensure the swift
integration of the new facility into the research activities o1 WES.

Phase 2 of this project (Contract number DAJA45-91-C-0012) entitled "Development of
a WES Centrifuge" initiated the Quality Assurance process under which ANS&A
worked with the Laboratories of the US Army Corps of Engineers through the
Centrifuge Coordinating Committee to prepare specifications for appurtenances and data
aquisition equipment that would be needed during the commissioning of capabilities.
During this Phase the detailed design of the Acutronic 684-1 centrifuge was undertaken
in Europe by Acutronic France SA and close interaction between ANS&A and
Acutronic's engineers provided feedback and technical review of the design progress.
In October 1992 a final design review meeting was held at which a number of key
decisions were taken including the design of the platform slab and hanger arrangement.
During 1992/93 the first appurtenance contracts were also undertaken, providing WES
with an initial package of equipment and data aquisition systems to meet the needs of the
different Laboratories involved in the commissioning of capabilities.

Phase 3a entitled "Centrifuge facility design and development of capabilities" (Contract
number DAJA45-91-C-0025) and 3b "Report on Quality Assurance for the WES
Centrifuge" (Contract number DAJA45-92-C-0021) addressed the continuing role of
ANS&A in providing advice and guidance during the design phase of the WES
Centrifuge by Acutronic France SA.

1.2 REVIEW OF ANS&A'S QA PROGRAMME

In January 1992 WES contracted with Acutronic USA to supply and install a powerful
centrifuge capable of providing novel capabilities in research for all of the Corps
Laboratories. The wide range of capabilities sought by the Corps of Engineers for their
new centrifuge is made clear in the WES Miscellaneous Paper GL-91-12 "Large
Centrifuge: a critical Army capability for the future" dated May 1991 and published in
January 1992. ANS&A's QA programme has therefore developed to embrace these new
capabilities and to work with all of the USAE Laboratories involved with the centrifuge
project. ANS&A has also been involved in commenting on the control building and on
the location, arrangement and design of the centrifuge containment structure. However,
during this phase of the centrifuge development, ANS&A's primary role has been to
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work with Acutronic France and with the WES to ensure that the design of the
centrifuge will be capable of accommodating the majority of the technical demands
placed upon it over the foreseeable future. This work has been documented in a series
of meeting notes which form the basis of this report and are attached at Appendix A.
These notes date from the first documented meeting with WES and Acutronic on 9
January 1992 to the Final Design Review meeting on 18, 19 November 1992.

2.0 THE ACUTRONIC 684-1 CENTRIFUGE

2.1 DESIGN

Significant changes to the design of the centrifuge have taken place in the platform and
hanger arrangements. The nature of the loading at high g has required that a welded
box structure be adopted for the platform slab and that the two hangers supporting the
platform should each comprise three straps (instead of two), connected to the slab by a
total of six pins. Discussions have been held with Acutronic over the necessity of ready
access to the slab structure for inspection of welds internally and over the finite element
analysis of the load transfer from the slab to the straps.

The redesign of the bushings to locate the pins has significantly reduced stress
concentrations in the slab (meeting reference 25-03-ROM-028) and should prove quite
adequate for its purpose. The requirement for three straps on each hanger is necessary
because of the high loads being transferred to the boom at high gravities but will limit
visual access to the model volume. The flared ends to the booms were necessary to
reduce stresses in the hinge locations.

In all other respects the design as completed and presented at the Final Design Review
Meeting is very similar to that envisaged at the outset of the project. It is recommended
that this design is accepted.

The opportunity to extend the capability of the centrifuge at low g by reviewing the
catastrophic imbalance condition and working instead to a limiting stress condition
arising from the loading from the package onto the platform is an important benefit.
This is discussed in detail below.
The design book, including mechanical drawings and sample calculations, will need to

be finalised by Acutronic for delivery to WES at an early date.

2.2 FABRICATION

The detailed design will be completed and the fabrication of the centrifuge will
commence over the next year. (Manufacture of some components, such as the booms,
has already started.) This will be overseen by ANS&A and its Associates in France and
the UK. The centrifuge will be significantly heavier than originally envisaged (by
around 20%), due to the heavier platform and hanger arrangement and its impact on the
rest of the machine.

Acutronic will need to collate and assemble for WES all documentation concerning
specifications and certificates of conformity as materials and components are ordered
and delivered. The special nature of the materials used, for example the use of high
strength steels, and the unique design of the facility places a particular emphasis on the
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quality of the documentation accompanying the machine.

The French Welding Institute, the Institute de Soudure, will have an important role in
their review of the design of the welded platform and the welding procedures proposed
for its fabrication. It is essential that the welders are appropriately qualified and that full
inspection and non-destructive testing of all welds is carried out before factory
acceptance.

2.3 COMMISSIONING

The commissioning of the centrifuge facility will take place in three stages. During the
first stage Acutronic will prove the mechanical performance of the centrifuge itself. In
the second stage ANS&A will confirm that user interfaces supplied with the kit of
appurtenances are operating satisfactorily. Finally, during the third stage,
commissioning of capabilities by ANS&A will commence with research work leading to
demonstration experiments in different Laboratory areas.

During the mechanical commissioning Acutronic will be required to demonstrate that the
new centrifuge meets the agreed specification. In certain areas, such as the Safety
Management Systems, this will be straightforward and Acutronic's standard
commissioning procedures will be adequate. However in other areas, such as the
definition of dynamic loading on the centrifuge or the deflection of the platform slab in
flight Acutronic will need to give careful consideration to the nature of the acceptance
tests. The platform slab will be instrumented with strain gauges, for example, and these
could form the basis of a validation of the design calculation. The finite element model
of one-quarter of the platform slab used for design should be available to potential users
to confirm that irregular arrangements of load on the platform are not going to lead to
overstressing. This model, which has been developed using the commercially available
structural analysis finite element code ANSYS, should be incorporated into a user-
friendly interface available on-site during and following the commissioning period.

Demonstrations will also be required that the installed centrifuge has met its predicted
dynamic behaviour in flight. The nature of the dynamic loading that can be applied to
the platform is still to be defined by Acutronic; this should be addressed urgently as it
will have an important bearing on the design of appurtenances such as a future
earthquake shaker.

ANS&A anticipate that during each of the commissioning stages trained WES
mechanical, electrical and electronic engineers will be available to work alongside
representatives of ANS&A in the commissioning of the centrifuge and its capabilities.
These engineers should be identified at the earliest practical date and training
programmes initiated to familiarise them with centrifuge testing in general and the
Acutronic 684-1 in particular.

2.4 OPERATING ENVELOPE

An important development during the design process for the Acutronic 684-1 centrifuge
has been the extension of the operating envelope in the low to mid range of g levels.
This has arisen because of the design of the platform slab to meet the specified safety
factors and because the quality of the forging of the steel booms has enabled WES to
benefit from a slightly extended boom length, permitting an increase in the range of the
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fixed counterweights.

The operating envelope for the centrifuge is determined by a range of factors depending
on g level, Figure 1. At one extreme, at high g, the centrifuge performance is limited by
motor power. At the low g end, the performance is limited by the counterweight
capacity. In the transition between these criteria of maximum payload and maximum g
level the envelope is defined by two conditions: the limiting out-of-balance criterion and
the platform stress limit. Unlike the peak power or maximum counterweight capability
this section of the operating envelope is capable of being exceeded by a careless or
irresponsible user and it is therefore important that the definition of this non-linear
bcoundary is well-understood. The following numbers are broadly accurate but are for
illustrative purposes only. Actual values will be defined in the Acutronic user manual.

The limiting out-of-balance (ultimate limit state) was defined at the outset (based on past
practice) as equivalent to the loss of the payload in flight. Assuming the maximum
payload at maximum g level defines this limit then at 350g the loss of 2 tonnes would be
equivalent to an out-of-balance force of about 350 x 2 x 10 = 7000 KN. At 250g the
limiting payload could be increased on this basis to about 2.8 tonnes; at 140g, 5 tonnes
etc.

For optimum design the platform stress limit should closely match the out-of-balance
force criterion. However the platform, with its associated hangers and connections to
the boom is the most highly stressed component of the centrifuge during normal
operations and, as with the limiting out-of-balance force, this stress limit is also
associated with operations with a maximum payload at 350g. The stressing of the
platform derives mainly from the self-weight of the payload and the slab; at 350g this is
a total radial force of approximately 14 MN (or 1400 tonnes). At 140g, however, the
platform slab only exerts a radial force of around 2.8 MN. To fully utilise the design
strength of the platform some increase in payload is then possible. On this basis the new
payload limit could be upto around 8 tonnes before the design stress limit is again
reached.

To make maximum use of this stress-based envelope requires a partial relaxation of the
out-of-balance force criterion. It is recommended that this approach is adopted. On this
basis, provided it is fully understood that the limiting (catastrophic) out-of-balance is no
loneer the lov of the entire payload but the partial loss of the payload, the centrifuge
envelope can be extended to bring together the two limiting criteria at 140g. However,
the limiting out-of-balance criterion is then equivalent to the loss of no more than
approximately 60% of the maximum payload mass (of 8 tonnes) at that g level. The loss
of more than this mass from the platform in flight would exceed the design ultimate limit
state condition (which assumes the centrifuge loses its entire design fatigue life in
stopping) and the centrifuge could not be assured of even coming to rest intact. This is a
departure from previous practice and has been adopted to maximise the capability of the
new Acutronic 684-1.

However, designers of model tests intending to operate in the 140 - 350g range must
take careful account of the liability this condition imposes. For a package operating at
maximum mass, the loss of just 60% of that payload, for whatever reason, would result
in the centrifuge reaching its ultimate limit state condition and would lead to substantial
damage. The loss of more than 60% of the payload would be likely to lead to the
destruction of the facility.
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3.0 CONTAINMENT AND TESTING

3.1 CONTROL BUILDING

The control building has been constructed and is being used temporarily by another
research group. The building, which will be connected to the centrifuge facility by a
covered walkway, will require some modification before it will be suitable for use for
centrifuge work. The crane will need to be upgraded and the control room area
rearranged in consultation with Acutronic to accommodate the control panels and data
aquisition equipment. More windows would be desirable, and some of the present
rooms should be retained as office accommodation and an electronics workshop and
stores. Early occupation of the building, prior to the arrival of the centrifuge, will be
necessary to allow ANS&A to store papers and equipment. Restroom facilities for both
men and women should be provided.

3.2 CONTAINMENT STRUCTURE

Conceptual design of the containment structure has led to a number of options being
considered both for the location of the centrifuge and for the arrangements for loading
and model preparation. Level separation between the centrifuge and the control building
is necessary for safety reasons and therefore there will need to be a lift arrangement
connecting the control building level to the centrifuge chamber level. The proposed
arrangement, with a covered walkway connecting the two buildings supporting a crane
rail and a large model preparation room next to the centrifuge chamber, will provide
good access whilst meeting safety considerations.

Only one door in the wall is necessary for access to the centrifuge chamber. This will
provide for both pedestrian access and for carriage of models and equipment. Sealing of
the door, particularly at floor level where a drain must be provided against the chamber
wall, will need to be carefully considered by Acutronic. Recommendations for lifts and
other facilities for model transportation are discussed below.

Provision of services to the centrifuge control building, model preparation room and the
motor chamber should be carefully considered at an early date. For example hydraulic
power packs will be necessary for user services; these could be located in the motor
chamber. Additional conduits should be installed from the preparation room iL the
motor room to carry cables or hydraulic lines. Power and signal routes will need to be
determined in consultation with Acutronic and WES as soon as possible. It is
anticipated that a duplicate termination panel will be available in the model preparation
room; :be location of this will need to be agreed with WES.

Appurtenances and equipment will need to be stored and serviced in a secure
environment such as the proposed control building. Power, water, hydraulic and
pneumatic lines will be needed in the cutrol building together with provision for the
storage of tools, soil and materials for model building.

3.3 PACKAGE HANDLING

The production line style of a busy centrifuge center requires an efficient and easy to use
system of transportation for containers, equipment and models from the control building
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to the model preparation room, onto the centrfuge and back again. Within the control
building and model preparation room packages will need to be moved around,
assembled and disassembled. In some cases these packages will be very heavy,
weighing many tonnes. However in most cases loads will be broken down for safety
and convenience and loads of upto I to 2 tonnes may be typical.

Certain types of model, once assembled, may be highly sensitive to vibration or shock
loading and will need to be handled with particular care. Transportation systems should
be available at least in the model preparation room which can handle such models with
the minimum of disturbance.

The loading of models onto the centnfuge must also be considered carefully. The flared
booms at the hinge location will restrict access by fork lift and effectively prevent
loading by overhead crane.

It is recommended that a floor-mounted transportation system is adopted for the
centrifuge center. Packages should be designed to be stored either on pallets or using
removable "legs". Air bearings or skates, together with fork lift trucks, can then readily
move equipment anywhere in the laboratory with minimum disturbance.

The most effective and safe means of loading a package onto and off the centrifuge will
be to bring a model alongside the platform slab and to slide it on. Ideally this would be
achieved from a hydraulic lift fitted flush with the floor of the chamber which could nse
up and lock onto the platform. This lift will need to have a capacity of eight tonnes.

It will also be necessary for the model preparation room to be equipped with a fork lift
truck and at least one fixed crane. The model preparation room will not need a raiJ
mounted crane.

The covered walkway and the model preparation room should be connected by a
hydraulic lift capable of elevating packages upto eight tonnes mass.

The control building has a rail mounted crane which will be extended along the covered
walkway to a gallery above the model preparation room. This crane should be designed
to have a capacity of eight tonnes.

3.4 DATA AQUISITION AND CONTROL SYSTEMS

It is planned to adopt a phased approach to the development of data aquisition and
control systems. The first phase, to be delivered in October 1993 will comprise a
portable data aquisition system that will provide an initial capability in instrumentation,
data capture and processing. The system will be capable of being used either as a stand-
alone unit or in the control room or elsewhere to remotely interrogate and log signals
from a basic instrumentation network.

Phase 2 (anticipated during 1994/95) will include the provision of on-board data
aquisition and remote control capabilities using a ruggedised military specification
computer with solid state memory controlled remotely by the operator through a
terminal in the control room. This more advanced system will be mounted in new
purpose built cabinets in the centre of the arm. A limited dynamic capability will be
provided to demonstrate an initial capability in blast or earthquake data aquisition.
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Future phases will develop special needs such as the development of further dynamic
channels and special power supplies, capacitors, control systems ad instrumentation.

4.0 APPURTENANCES

4.1 LABORATORY NEEDS

The initial set of appurtenances, to be delivered in October 1993, will provide the first
of the new research capabilities once they have been commissioned on the Acutronic
centrifuge. Further kits of equipment are planned to follow in future years and these
%ill build up the capabilities and permit the completion of the demonstration tests
currently being discussed with each Laboratory.

ANS&A has worked closely with the different Laboratories to identify the opportunities
and capabilities that they should be developed over the coming years and this work has
been documented in the meeting notes attached at Appendix A to this report.
Demonstration experiments have been planned in outline with most Laboratories and
these have assisted in the definition of equipment and services that will need to be
provided for users once the centrifuge has ;,een installed. However considerable further
work will be necessary to finalise the demonstration experiments and to ensure that each
Laboratory can realise a new research capability.

ANS&A proposes to identify Associates to work closely with the different Laborelones
prior to the arrival of the centrifuge and to assist researchers with their demonstration
experiment during the commissioning of capabilities.

4.2 SERVICES

The routing of cables for power, hydraulic and signal lines both on board the centrifuge
and from the slip rings to the control room or motor chamber needs to be determined at
an early date. Termination panels will be needed on board the centrifuge for user
systems to interface with models, their design and location should be determined
following discussion with Acutronic.

It is recommended that high flow rates of water, if required, are provided by an on-
board recirculating system rather than by modidication to the Acutronic hydraulic rotary
joint.

5.0 TRAINING AND MANAGEMENT

Earlier reports (ANS&A, 1991, 1992) have stressed the importance of training of future
users, technicians and operators at the earliest possible date. In particular it is essential
that mechanical and electrical engineers are identified who can become familiar with the
new machine, its design and operation, before installation and commissioning. These
staff, who will form the core of the new full-time centrifuge management team, will also
need to fully understand the design and operation of the appurtenances and data
aquisition and control systems now being manufactured.

Researchers who will use the centrifuge as a part of their research progams need to be
trained in centrifuge techniques and assisted to develop proposals which make use of
the new facilities whereever possible.
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It was originally envisaged that training under ANS&A's Quality Assurance role would
take place in Cambridge for a selected group of staff and potential users. This has not
transpired, primarily due to restrictions on overseas travel for WES personnel and
alternative plans are therefore being developed which will be the subject of further
proposals under the BAA. These include ANS&A Associates being resident in
Vicksburg for a period before and after commissioning to ensure the full potential of the
new centrifuge center as a world class research facility is realised.
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£ RECORD OF MEETING

*Project: WES Reference: 25-03-ROM-001

Present- R Whalm, W Macuson Date 9J=m92

RH Leclietter, Time: 9.00

Cousmifle of Users Prepared RSS

ANS. RP, RSS Nates:

Subject: Meeig od odiaa natigommmitee

Robert Whalin introduced tie meeting, and outlined the objectives of die Comumittee in the areea of the initial
tasksr mid equpmenst development; the priority being to identify esetala items of equmnnent for a program of
testing that was expected to begin in around three yewes time. The contrat with Acturonic was new signing said
the proicect on the vere of becoming a reality. Macusonacknowledged the support of the rmay authors of the
WES report

Richard Iedbetweoudined the role of the Committee to coordinate activities, users: aid applications from both
within and outside the Corps. ANS&A, having been successful in their response to the BAA, would have a key
role throughout the design aid development of the centrifuge aid its assaciated appurtenances aid in assisting
with the necessary training that was envisaged. Thas would result ins presenae- in Vidclsburg for oue or two
years after the centrifuge coe on line for training and equipment development.

ANS disaisse dite history of centrifuge, developments in the US aid the UK aid the development of ANS&A
with its structur of Associates. The facility at WES would be navel aid was based on an excellent specification.
it would be inmportant atma early stage to review capabilities aid to consider the developmnent of equipmenst.
instrumentation and expertise.- Tiere was a possibility of accepting a redutced specification to avoid a major cat
overrun. Th1ough its Quality Assurance activities ANS&A would be closely involved with the design aid
manufacture: of the cenrtrifuge and would oversee the project through cmisongidbyd.However the
achievement of research objectives was sewn ascitical to the success of the facility; heme ANS&A'a role was to
encourage users from different laboratories by discussing the opportunities that presented themselves on the
centrifuge facility.

The meeting then concentrated on individual laboratories: their interests aid expectations.

IT Lab (Wayne Jones) clearly interested in construction practice: projects involving pile driving, in flight
coustruction, CPTJSPT. materials handling, tusineling, effect of rising water table etc. Need to verify
assumptions on ground pressures. Possible link here with Colorado but also Gainesville or RPI for other
specialist techniques.

Coastal LAb (Lyn Hales) described problems of waves on structre, movement of sediments. Considered 250 mn
x 250 in wave tank perhaps looking at wind generated waves and effects on structrues. Need for Professor
Hldea Seligudii (Disaster Prevention Research Institute) and Ryan Phillips to interaict with Steven Hughes and
Lyn Hales. Possible contac with Navy.

Environment (John Ingram) discussed sod-water interactions aid leaching processes. Need for probes which
could detec concentrations. Probably initially resistivity probes but possibly fumue optical probes available.
Interested in workt on dredge disposal: wave effects on capped deposits. Consider link with Zinmme at RPI on
dessicationiconsolidation of paper sludge.

Hydraulics (Marden Boyd and Stephen Maynard) interested in adequate flow rate aid length of diamal. May need
upto 1- 2 cubic feat per second (typically a 4- 6" pipe); possible pump on board or alternative scoop from
ftrough Problemis of flow through a rockfill dyke Reynolds numbers are low aid it is difficult to model at Ig.
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Height may be 30 -4W in the filddwouddlike tomodelat between20- 30 .Side slopes typically 1:2. 1:3 or
L1:4. Just about manageable at SOS, probably reqiuirng -n overhanging container. Could use an instrumented
(conducting) V notch to accurately measur flow. MAlo problems in fluid-strucitie interaction - have used brass
to model steel at IS but interested in oppormtnuties at high g. Need link with hydraulics research perhaps at
Colorado. Davis or Maryland with Deborah Cloodings I Could consider transiet problem. eg. water barrelI
passing through rip-rap. Site specific pmoblems we supported by the Districts.

Structures (Vim Davis) interested in location of cameras for aerial view and minror view of surface. Concerned
about mounting equipment on booma; probably use on board capsaciors. Research priorities have shifted rather
than changed altogether. Anmmuition storaige facilities currendly of interest; prograin funded by Navy to
consider buried explosions where lithostatic pressures are substantial. Possible tests at LCPC or Bordesox;
should establish link with Schmidt.

Geotech (Paul Gilbert) described theit interests in environmental chambers to simulate conditions on other
planets. MAlo problem of overtopping dams: need to captue eroded material mad to maintain pool level. Could
use long weir constantly bang overflowed or a fastouifloat system. Concern over identification of tedmicusa
support.

Cold Regions (Stephen Ketchmn). expected to see basic research eg in foundations to provide seed money to
develop capabilities. Interested in geotedminical problems: frost penetration. permafrost MAlo eam and river ice -
possible links with Navy and Coestguard in ice breaking or ice vessel interaction. Momt likely to wee
developments in geotedmical are lookting at freezing ground for frost penetration mad frost heave. Not so dear
that the centrifuge will be useful for permafrost. Should consider identtifying capabilities in weapons effects.
Considering techniques of achieving cold packages, insulation. chilled brine, cold water at base. cold goast
surface etic. Need to control boundary temperatures on walls and base of models aswell as surface tesmperature.
Looking for control to +/- 0.5 *C with capability of cycling temperatures at top and base (or at least step
chifges). acarly n ,eds cold room facilities at Centrifuge Center. Probabe collaboration with Camibridge and
Deborah Goodinga. RPH also interested. in frozen lanfdill capping. Valuable reference in R D Miller 1-reecing
phenomena in solhs" Chapter I I pp 254-299.
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RECORD OF MEETING

Project: WES Rdeta 25-03-ROM-002

Present: RH Ledbeter, ANS, RSS Dow 9 Jan 92

Time: pM
Prred- RSS

Notes:

Subjec Staus of oentifuge omtrsct

a. Appointment ofootract offn•er's mresesadive

Probably Ledbetter, but not yet appointed.

b, Definition of tmlestotos

Expect quarterly pog s reports. Acutriic to povide monthly expenditume schdule, work schedule aid
commisioning teat schedule. For example it will not be satisfactory simply to use a single billet for the test.
The importmaoc of inspectidiesting was discussed.

c. Review of Specification dated September 1991

A number of e/ns were identified in the Acutionic Specification which required courectioc or caification, for
example "onocrete mianry", page 2. "mlarged platform", pop 6, "air couditoaiWg". page 10. "5Gs". page 15.
The mnimmum temperature for fluid peasage was quoted a 10* C. which seemed high. A safety factor of 1/2.7
to the elastic limit wm quoted but concern remain over the natue of residual stresses in the platform ad the
degadation of stiffness that might be observed as failue w approsaheKi

Copies: Sig-&.
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RECORD OF MEETING

Project: WES Refacom 2.5-03-ROM-00

Present: RH Iabttr G Hale. Dale; 10 Jan 92

B LIds B Logue Time: 9.00

ANS. RSS, RP PERmuI RSS

Nowe:

Subject: Status ofcentifuge contract

ANS&A performning a technical audit; there is a need for milestones and for ANS&A's role to be defined. The
flow of payments is authorised by the Contracting Offices Representative (COR); ANS&A has no authority in
this m

Communications will be from ANS&A to WES (COR). Assurance was given that WESs intention was for
Acutronic to communicate with ANS&A and at all times to try to resolve issues directly without recourse to
WES unless a difficulty cannot be overcome.

There is a need for the COR to informn Acutronic that ANS&A will be US Government Representatives and will
be involved in technical assessment and QA. Left open in the Contract in case other Gov. Reps were to be used.

There is a need for a public statement following signiing.

Comimuications from third Paries to WES should be copied to ANS&A.

Role of RP in Vicksburg. Contract through ANS&A for simplicity. Cousti should have no difficulty here.
Need to piroceed with proposal preparation.

Copies: signed.
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RECORD OF MEETNG

Project: WES Rdaenm 25a0-ROM-004

Present: RH Ledbetter, G Hale. 113e 10 Jan 92

W Landes, B Lague Time: 930

ANS, RSS. RP Prepare&t RSS

J Perdriat, H Vosn. Nidiola-Font Notes:

Subject: centifuge cnrc

The mneeutn commenced by addressing the problem of cninmmlcaticms between parties. HV explained that be
had no contmactural relationabip with WES aid therefore no miechaniu to communicate with ANS&A. Thim
would disappea conot both pastias were under contract to WES.

GH notedite high technical specification of the centrifuge. He stressed the inyortmace of mecting budget
targets aid programn deadline; RDT&Emuslitary funds deanad that dose cost conurol is mea schdule aod
expenditure wer critical.

WL described ANS&A's role as carrying out QA for WES. ANS&A aid Acutrauc, were to try aid sort out
nmaters between themiselves. The infmnuation nlow will be parallel from Acuimen to ANs&A and to WES.
flV. stressed the impofhtaice of eXpeditious processing of information mid eg. calculation approval to umeet cost
schedule

ANS discussed the nature of technical adtievancats aid milestones that would be ncsseary to complete a
technical Mdii Thia would be a novel facility: it may be preferable to comnpromiae between additional oast maid
a reduction in specification. However dhe centrifuge wa only one aspect of the technical achievemient. the
achievesuent of research data in addition to dhe supply of the centrifuge made this contract unique. RSS added
that ANS&A'S responsibility lay in assting this research objective: a technical role.

JP ci phasised the importance of reviwig the physical specfication for the centrifuge. separatmg the
accessories (which couald be easily interchanged during the life of the machine). Acutronic were responsible for
the design but there was a need for outside review of calculations: a croar-dieck perhaps by a burem of
calculations; no budget at present hid been included for recalculation. RHL agreed that a thir party check would
beusefu. It. would be important during the design pbastoprepare adetailed definition of the manufacturing
procssaid thecontrlprocsse. Wsa would be apart of Acutronic's Quality Plan. A QAManager (QAM)
would be appointed aid Would have authority on timings as well; this would be comnputerised aid open to
ANS&A. Acutronic's responsibility wa to design aid submit., supervision and criticisn was ANS&A's role.
It would be vital to aom that the definition of the centrifuge was compatible with its scientific role. however
this w- not the responsibility of Amatromic. HV added that Acutromie could only supply a machde= to
ANS&A/EWES' specification. N-F noted that for Acutronc the point of sale was when the machine was
denonstrated to be working at its proof load capacity. it was agreed that the general natue of the speification in
nmay areas meant thug them would have to be brust between the variomus parijes that there was an intention to
produce the best possible product (eg in the ara o signal to noise ratio) but as far as possible the basic
specification needed to be agreed inunediaely.

Referring to a nemormadumi of 16 Deounber 1991 RHL stressed that the expenditure schedule. detailed work

fsciedule aid milestones needed to be meshed with ANS&A's quality munomra plans. However Aciuronic would
produce their schedule first aid ANS&A would then discuss with thern how best they could interact.
Acutronic's Quality Control Plan, being developed under the control of N-F and their QAM usn
SUPERPROJECT sdftwae would need to be coordinated with ANS&A. Than would be a need for ditional
lineitemstoprovide for ANS&'s techical mdii Progess on design aidmanufacture wasaexpcted tobe
rapid this yewr and early interaction was vital.

Copies: Signed
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The discusion turned to technical issues relating to the centrifuge and its delivery-

On the swinging platform ANSYS code would be used for stress analysis. This model would be supplico for
uses frendly analysis: it could be used for a future dynamic amiysis. Dynamic testing of other Acutronic
machines has shown good correlation in operation and at rea ANS&AIWES to receive calculatio but will be
required to sign a non-diacdome agreeamnt BAEamintio of the platfor ab ill require cditing small
dianeter soles to be ranachined to allow acces by probes.

Examnination of the booms was possible. The desirability of having the boom divider as open as possible was
discussed. This was considered more important thain its radial position. lethods for attackhn equipment to the
booms (using compression rings) or the central axis (using tension cables) were discussed. Lmds would need to
be ddmed.

The open boom divider would be impartant for high speed cameras located in the low g field. Tempe-aure and
humidity control within the chamber were discussed. Water flow requirements had been discussed with potential
users; flows of around 2 cubic feet per second would be required from the ceatral axis. aong the booms and •silt
apinst the wall. A drainage chaind at the base of the wall would capture the water aid allow recycling.

The Quality htm was to be prepared but may take two to three months. The detailed work schedule was required
early a it was closely related to progress payment. A visit to Pfris by ANS, RSS, 1-FC would be arrnged
within two weeks to discuss the implementation of QA.

The delivery of key spare parts which may be difficult to replace in the future (such as bearings) would be defmed
after the design pbam

The Specificaion for the centrifuge presented in the September 1991 Acutronic proposal was then reviewed,
correcting enos that had been identified mad rewording certain sections to reflect partcularly the chosen
detli rables.

Discussion on the safety of the swinging platform focussed on the nature of failure in the event of oveload It
was agreed that degradation of stiffnes would be very likely in advance of the 2.7 factor to the elastic limit.
New load cames sud as blast ovedoad aid thermal stresing on the platform slab would have to be considered.
The detection of damage by looking for permanent strain or by ultrasonic testing was considered.

The importabce of establishing a point of contact within each organisation was agreed.

The suggested containment structure layout as proposed by Actitruec was discussed Ther had been
considerable revisions to thder original suggestions. The contaimment structure and the laboratory building were
to be separated aid access would be by undergrod pwsage through doors in the wall. Air flow throughout the
structure was stressed as critical. Details such as the spacing over the electrical cabinets in the motor chamber
aid the mamgement of the stairwell were deliberate design feaures relating to ar flow. Access for serviceability
wasdiscumsd. Motors could be removed oneat atime. The platform could be dismotmted by forklift. The
roof shear beams would be adequate to suppor the entire centrifuge if necessary. Charging counterweights
would require the roof to be removed ad an overhead crame to be brought in. The name of the services was still
to be specified in detail. The design of the containment would have to consider flotation; its absolute elevation
was not fixed but could be adjusted to suit. The foundations had not been specified at all. Ace= for crae id
lowloader would need to be incorporated in the layout. Ealy completion of critical concreting (muder careful
supervision) would be important in ensuring a smooth installation subsequently.

It
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RECORD OF MEETING

Pkveccc WES Relraute 25.c03-ROM-005

Prtesat ANS, RSS. J-FC Dowe 23Jan 92

J Pts'rulit. Nichoas-Foint Time: 9.00

Prepred. RSS

Notes:

Subject: Centrifuge contract sand QA

ANS described the background to the WES centrifuge project, from the initial discussions at the panis '88
Censrifuge Consferen mad the April899 response by ANS&A to the WES BAA through to the present award of
the centrifuge contrL11m Tempasaiars the Corps had placed on a general purpose civil enguinering centrifuge,
required a unique 350g capability, particularly to address blast: modelling problens. Given these amw fields of
operationt. and die poor record of safety of operations on US facilities, it would be vital for ANS&A together
with Acasronic to work towards understanding the facility and documenting its design and manufacture

JP described Acutronic's present position conteacatraily. The Aazcutroc contract with WES refers to the
Aasftroc product description, the contract is a follow-on from a prevous cotract for a pm-design for the
centrifuge. This predesigs had been accepted by WES. The msan centrifuge contract was cost-plus but with a
defined budget. Any deviation in the software or hardware would have to be renegotiated (ic. any deviation firom
the plan of work). For example no buckling calculation has ever been done for my Acutronic centrifuge; for
WES thos would require a deviaton. Both the predeupg and the product description were considered amntractural.
JP commented that the role of ANS&A still needed to be defined; for exsmple the US Government
Representative role had been verbally stated but not seen in minting.

ANS&A's role was then discussed:- to define, the quality of the centrifuge; to dclne the quality of the
capabilities; and to commission these capabilities. ANS&A' s series Of Contracts addressed (1) Quality Assurance
and the technical oversight of the design. manufacture and commrissioning processes, and (2) the development of
instrumentation and equipment, the achievement of capabilities and the production of research data.

Dr Phillips war now considering moving to Vicksburg in the summer of 1993 to be in place during and beyond
commissioning. J-F;C and RSS would be primary contacts with Acutronic.

JP stressed the need to define ANS&A's role in relation to Acutronic and to identify a single point of contact.
Acutronic would supply the nannes of the Project Manager and QA Manager. F~our AFA documents were
considered contracturd (excluding Acutronic USA documents such as their QA Manual):
(a) AFA Quality Plan;
(b) AFA 684-1 Product Description;
(c AFA Price offer (famuily tree, - audited price calculation);
((l) AFA Predesign.

Thecre wars aneed to build a Quality Plan; this would be based on earlier centrifuges, eg. Nantes and City. The
updated schedule would be completed within 30 days - the first version to be by Acutromic. JP expressed concern
over the future of certain companies that may be associated with the project. sudh as component suppliers.

The meeting resumed in the afternoon.

Techniques for analysing the box grillag structure of the platform were discussed. Thec sufficiency of relying on
elastic FE calculations for analysis of a grillage, box structure was questioned. The necessity of addressing
modes of failure as well as elastic deflections was emphasised by ANS&A. it war suggested that outside
agencies (such ar the French Welding Institute) might have useful comments to mase, in this ura.

Copies: Signed:
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It was agreed that the calculations presasted in the Predesign were incomplete and in particular. in the area of the
platformn slab at least, were o a difterent structural form.

JP noted that for this machine stressing calculations would largely comprise FE output which would be difficult
to interpret without the prpmaer. RSS stressed that this would not be acceptable: calculations would have to be
sufficiently documnnted so as to allow a qualified engineer to undestand them without recourse to the ouignator.

The date of the next meeting was set fcr 27 Februry i992 to discuss the Quality Plan, milestones and the
platform design.

S• -W
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t RECORD OF MEETING

Project WES Rcfeuraý 25MQ-ROM-006

Peec RSS. .1-FC Dat 2 March 92

N olsFonit. Ona. Aliphit. Time: 11.00

Gawad, Sabard, Rondlle Prepared RSS

Note: AFA offices am(LasUyas sous Bots)

Subject: QA

This Meang replaced the meeting scheduled to take p=lace 27 Felmiary.

A ne version of the A-mtonic QA Munnal QM/001 was received mid dhe old mie returned.

RSS xpained ANS&A's purposeineviwing telchncprogres on the project id brially discussed
ANS&Ka3 Quality Plan and the dhamnds for communicatiow and contraetursl links whinch bad been established
since the signing Of the0 conrcL 1T1e detailed schedule of activities was requested; it was explained that AFA

weebilling to a simplifed version Of the sbchdule and that a detailed schedule had not been prepared. A copy of
the samplified adiedue was presented.

N-F then introduced the Project Tean who were attending the nieetingr h&ona (Project MbAWae). Mr Aliphat
(QA MAisger). Nk SAW n(meedimical, design). Mr Gawad (FE analsi) mand Mr Rowlie (electrical desig). He
explained that his 1XIpose was to introduce these staff to ANS&A and that he hinself would not be s pot of the
design team (with the exception of the aerodynimic calculations which he had now completed). N&rona was the
AFA designated point of contact for ANs&A.

Sunmunmiin the present Position N-F explained dth AFA were currently designing ;w platforn, it was
epWctedtobe copleteby the edcofMarch. Negotiations with contractors and:Iue Welding Institute would be
intiated in April. The structural computations had taken into accunt the possibility of the large platform

option.

Frequency computations for the central axis and the booms had led to significant changes in design; eady
problems had been resolvedl.

The power requirements and gearbox had been computed. It was intended to order the moto and gearbox that
week; N-F had completed the aerodynamic calculations.

T'he calculation procedures were theni explained. Following the completion of elements of the design it was
intended to produce a report which would be available to ANS&A. For example the platform design was now
considered complete, aid it was expected that a report on this aspect would be ready sometime in Arild. RSS
commented that by April it would be too late to make usoful comments to AFA and proposed that the meeting
could usefully review technical progress even in the absenem of a written report by hearing verbal reparts on each
individual ameaof work.

Mir Sabmel then described the analysis approach for the platform sdab. FE graphical output was available whinch
showedmanxiUMui strese in the meta of the slab above each of the four pins which attach the slab to the
hanging braickets. it was noted that Only a ndl over the entire ameof the platform Wa been considered to date.
RSS explained the concept of the circular and rectauguisrniode 'footprints aid it was agreed that these caes
would be analysed as soon as possible. Alternative approximations to the circular footprint which could be used
for computational simplicity were discussed.

Copies: Signed.
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The strUctum of the platform slab was reviewed in detal; acss to the slab for the inspectioe of welds from the
underside will be through 10 mm diameter holes in each of the 64 plates. Fatigue was not considered to be an
important issue in the design. Acceptable dynamic loads on the platform had not yet beao defined.

The modelling of the support pin wa discussed. These conical pans we expanded by bushings into their
mounting sockets within the platform slab. The additional stresses that this process will impose on the pillage
had not yet beeo takm into consideration. It is expected that by amound mid-April Acutromic, with the Welding
Institute and subcontractors will discuss the welding and assanbly of the platform

Other loadingsn, uch ms damal gradients were discussed. An approach using radial strumg on the platform
slab over a footprint area equivalent to a 20" C temperture differential between package and platform would be
analysed to provide an estimate of the magnitude of temperature stressing effects.

Dynamic analysis of the booms had shown that the structure was initially too flexible and natural frequencies
were being prLcted of a simila order to the rotational frequency of the cewmifugc itself. Base plate had
theefore beow added under each leg support (100 mm thick), the central axis stiffened and the boom increased in
diameter to 640mm nOD (with 300 mm hole) from 500 mm (and 200 mm respectively).

Moderate strew levels were noted at the hinges and at the supports. except in the cmae of mamin imbalanc.

The slip ring stack aid use of space at the top of the machine was identified as an importan topic for discussion
at the next meeting.

The aerodynamic and power calculation had beei based on both platforms. Aerodynamic ficietms for the
VWES centrifuge would be similar to the figures given for Nantes in the Paris 88 paper. The mas inertia of the
macdhin a beat calcul•td as I x 106 m2kg with a mass in rotation of 92 tonnes (at 350g), more at lower
speeds or with the larger platfo-n. At continuous speed at 3 5 0g the predicted power need aremamud 13MW.
The peak power is in excess of 2.2 MW. For the large platform at 200g thew figures ar 0.8 MW and 1.6 MW
respectively.

The limitation on power is not provided by the motor but by the amplifier. the motor can withstand around 3
times its continuous power whereas the amplifier cannot. The motor/amplifier is expected to the orderd this
week.

RSS agreed to prepare meeting minutes for circulation. The next meeting for both J-FC and RSS to attend was
set for 9 April 1992 at Les Clayes, J-FC would be likely to visit Acutronic around 30 March.

)l
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RECORD OF MEETING

Project VIES Refrence 2-5~-3-r-OM-OO7

Present: RSS, ANS. RH L.Abetter Date: 12 M~arc 92

Time 9.00

Prepared RSS

Notes: Vicksburg

Subject: Centrifuge jxjcta

Dir R Phillip$ Position wa discussed in view of his Possaibe move to Vicksburg in the summer Of 1993. Ri'
would interact with other labs over a period of aound 12 months prior to conmmisomog, ramping up his
involvement in equipment devcololunea resemarc taks and traiing. RP' would need to establish official VISA
reqpiuramnss - ANS to discuss with Cosnat in London mad to follow up before next visit to WES.

RHL would take up the subject of RI's resident role at WES with W Mfarcuson. The proposal to have so
ANS&A Associate in Vicksburg has three elements:
(1) Theprinciple of afull tizme position for around 2 yews 'from Aug 93 to0Aug 95.
(2) That this position should be larely or entitely based at WES.
(3) That none of the contractnul sarragements made would prejudice a future application for citizenship.

It was noted that Acatrouic, were unider considerable pressure; three contracts were now underway simultsineously
mand the timing of each of these would be critical to Acutronics ov.mil perforimance.

Equipment would be purchased substantially against (Suited PREPS money mand hence there was considerable
pressure to interact closely with the other laborstories in order to achieve capabilities for them at minimum cost
to Geotech.

JCopies: Signeui
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RECORD OF MEETING

Project: WES Rdausec 25-03-ROM-008

Present: RSS, ANS. RH Ledbetter, Date: 12 March 92

P Gilbert. P Schroeder, Time: 10.00

R Mosher Pretpare RSS

Notes: Vicksburg

Subject: Committee of users

RSS described ANS&A relationship with Acutronic, nature of Quality Assurance and work in France. Design
had progressed rapidly since the signing of the onttract and there wu - urgent need to define attachments. The
Quality Plan emphamised the importance of understanding the fadlity and of adueving Total Quality
Managemnt of the future research product. Needs for training were discussed briefly and PG presented his report
of his experience in Cambridge in 1991. There was an expectation that S Ketdcam might be able to visit
Canmbidge during 1992.

In doe area of stress analysis concern was expressed over the stresses induced during fabrication of the platform
slab: the need for careful alignment of the supporting pins, pitictdal y if replacement (eg. smart) slabs or
pickages were to be contemplated in the future.

Issues related to enviromnmental modelling were discussed: the control of temperature through the ue of systems
such as the vortex coder, for example, the complications of materials handling aspects, glove boxes, transport
of models, use of real contaminants, real soils and examination of models.

Meetings were then arranged with individuals.

Copies: SignedC
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RECORD OF MEETING

Project: WES Refernce 25-0-ROM-009

Present: RSS. ANS. RH Ladbetter. Date: 12 March 92

MBoyd Time. 1.30

Prepared RSS

Notes: Vicksburg

Subject: Hydraulictoodelling

Prinwy interest of hydraulic lab is in flow along non-cohesive erodable baub. H-igh flow requiremnat is
essential. RSS outlined the programme and disusused dhe drawuing of the centrifuge. Need exsokanie r
demonstration expermimet with good velocity distribution at the input. May later develop a curved section but
initially straight section alequat. AMB would discuss demonstration experiment with colleagues and respond
soon U possible.

Could use fairing
Option A Option B - probably to help still water

better

Copies: Signed:
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prcject: WES Reference 25-C3-ROM-OlO

Present. RSS, ANS, RH Ledbetter, Data 12 March 92

P Schroeder Time: 2.15

P~qV-&- RSS

Notes: Vicksburg

Subject: Environmental modelling

Lab demo projects were sources of basic research funding (under /halin s discretionary control). Areas of
specific interest included.

Subaqueous capping of dredged materials. Long term consolidation sand stabilisation. Fluid slurrys. Timer for
consolidation. Armoured cappng - does it remain in place (typical~ly rip-rap. -8 cobbles for high enrgy sites.
eg. Great Lakes). Could use U tube for bottom current Coastal engineering equally concernaed with movement of
dredged disposal mounds in nowi show enavironment by showr

Wetlands, conoerned about ultimate elevation that cuu be achieved. Wetlands research project (creation and
mnsinenance). Have used dredge material to build wetlands for many years. But not a bilg area ofre-edI

L andfills. Long term interest in assessing hydraulic barriers (days or synthetics) differential settlemenet and
cracking. Confined snatrated clays - are they penetrated at all by organics?

Trench disposal. Corps has only become interested in DOE work on trech disposal in post few years.

Contasninent movement, eg. with steam stripping.

Water flushing.

Groundwater codes for contaminant transport available on station but not yet validated.

In general there is very little experimental work done at WES except in ares of leachsing -in colunmns or beakers.
Contaminats include PCB, dioxin, heavy metals. Special licence is needed for large experiments. eg. volume
of a few drums of material. Centrifuge test would only use small amount, however, in large 'drumn' of soil.

Adsorption. Could incresse the specific surface and temperature sad use scaled contaminants. mmor areas of
study at present include irrversible adsorption and non-equilibrium adsorption. Probable no NWR work on
station at all. Experimental techniques include use of isotherms. Water is applied to soil and quantity of

cwtmatin leadiate is measured. Not much work is done on where it is adsorped. Differential thermal
iaig(DTA) has been used to classify clays in the past. Probably now being overtaken. Refer to Dr J

Bramonm on Station.

Demonstration experiment. Leachate production and contaminant concentration from confined dredge material as
function of time. Contaninant flow through sand blanket (used for low energy sites). Fluid mud of clay (2- 3
feet). then 2 -3 feet of sand: but exact thicknesses depend on the geometry of the depression in the sea bed.
Place using submerged diffusers.

Copies: SiVsect
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Project: W/ES IWO==r 25-03-ROM-Ol I

Present: RM., ANS, RH L~dbester. Dwe 12 March 92

K Davis. staff Time: 3.00

Fpqiuetk RSS

Notes: Vicksburg

Subject: Structures modelling

Platfou slab

The denseg of die platform "a was considered under blast loading. Guillages of the faflu proosed we
immensely stiff mid dherefoese not good rhsoibas of energ. Medamiuna based on field eapericoce, of eg. lock
gales might be expected to indlude cat herabeing of pins or dinipling of die outer akin. Coucern wa expressed
over dhe weld details an the "la aid over the purpose of the bolts beside the pins.

Proof tests could be cuzied out at Ig using eg. concrete instead of samid. Ibis would bracket the uipper charge
limiL Accelermeler at differcut levels would record the trutamiaseon of dhck waves into the plafrni.
However ahoaeycomib layer and rubber mat would -,rI Idy be adequate to protect aid isolate the platformo.

Demnostration tesa

Shallow litmed munitions in foct- air blast aid debris effects. Uneconomic to model at full scale. Data might
indlude the influenceofdamge density on initial velocities. Fractured hxick might he used in place of soil.

Schmidt (Boeing) has extensive experience of modelling projectile penetration aid explosion. He could be
contracted tocoamment on centrifuge densigan d the namue of instrumentation mid cameashe could supply.

Cratesing. Pavement craternag. with varying water table depths aid/or layering. Interested in the size of breach
in die pavemnwt or in mn underground structwem

Piles. To be discussed with Ed Jackson.

Model makin requirements.

Usually danp sand or day sod at Ig. May need mome sophisticated technique. eg. downward hydraulic gradientr

consolidometer or layering capability; these could be part of the geotechnical lab kit.

Caipin: Sipe
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Poject WES Rdermc 25-03-ROM-012
Presene RSS, ANS. RH Ledbetter, Dsoc 12 Mudsl 92

Time: 4.00

PRRqwe RSS

Notes: Vicsbwrg

SW40ec Agaidasumnmary

The following points were noted:

Quality Assurance:

rise family tree still needs to be supplied.
Aautronics ringl product description needs to be supplied (and out for each member of the Comsmittee).
Formal notice should be given by Aastruaic ofumy varaton to critical itenms (eg. the plstformn slab).
Note slso that the grey book is incomplete.
Speciloficutos for critical items of eqluipment (audi as motors) should be supplied to the client.
A writtan statement identifying ANS&A as W/ES Representatives still needls to be prepared.
Invoices weneeded on time fromt Acutionic.
It would be helpful also to see CVs for key members of the Acutronic Project Team,.

Srtaf and developmentofeaspabilitics

Ryan Phillips; refer to carlier meeting notes.
RHL todcheck possible aala ruan.
RHL to investigate equipment sources in the US, partiamlasty for weapons effects.
A small centrifuge could be supplied with a cold capability to WES with Ryan Phillips and used for tosining in
the period prior to the arrival of the larg machine,
Tramning course could then be mounted at W/ES using eg. 100mm sanspies.
The Tyndall Centinfuge was not ruled out. RH]. and WN~acuson may visit to inspect the Tyndall facility.

Bluilding (refer also to following meeting with GHale)

Coustractural arrangements for the design and consstruction of tue building were discussed.

Equipment

Shaker development. Gopal was expected to be in post in Cambridge by I June. A spring loaded shaker was
currently under development. ANS would be visiting Japan and would be discussing spacifically shaker
development iniJapan. A servo-ydrauic shae was understood to be under development for due 665.
ANS&.A'8 May Report should include conclusions and reconunendations. WES would need rum estimates in
the stummer and would then look to place an order in October/November.

copies: signed.
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PReject WES Rdatme 25-03-ROM-013

Present RSS. ANS. G Hale Dole 13 Mach 92

Trm 9.00

PtqpNMd RSS
Noa: Vickburg

Subject: Bding

Options to complete the building work were discussed. The difficulty ofdesAgniag astractur economically
whicd could spport the range of experiments now prposed was noted. A conacor who wm not familim with
the stye of week whidh win to be undertaken wWud face cousiderable ixobemu in accetng liability for a
structurJl deip to house experiments that were s yet unknown.

WS considered dud tere was an advhntage to having &e sme contractor reaponible for the containut nod
the centrifuge. However it was noted that Acutic have no past structural design experience and have not built
the cuntannaent structire for their other lag centrifuges. The importance of Total Quslity •ansgement of the
facility. encompassing all apects of the centrifuge center was stressed. WES cmphsised their intention to
involve ANS&A in the design of the containment in a similar fashion to the currn-t QA activities being caried
out for the cetrifuge.

Cqes: Signed1
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Project WES Rdefeene 25-03-ROM-014

Present: RSS, ANS, G Hale. la~ 13 March 92

lRlL. W Laindea. B Logue Time: 10.00

Frqe&ied RSS
Notes: Vicksburg

Subject Contract

Mse vailue of(QA for the centrifuge facility was stressed; it was expected that the as= approach would be adopted
for dhe budding containment.

Progress an the aupply of the centrifuge

Meetings had been beld in Paris with Acubuonic Franme. Key items such as the detatiled work schedule sail
Quaility Piat bed not been received as yet WES lhed reoceved, the prelimiinary monthly expenditure ptam A
letter would be prepared for Acuftrnic USA elduessing these issues.

Budding

T1ce bistoty of the contitnunent structure concept was discussed. The original Actitrouic Proposal bad befn
rejected (although no formal letter had yet been sent); a revised version of the structural concept (seen at the
January 10 meeting) showed level separation and was greatly improved. Acutrunic bad been told that this
drawiing would be used as; the badis for a3S% design by an AE. An altenativeopton to aocepting Acutuonic's
offer was; still open: ANS&A could team with a constructor and submnit a proposal to complete the whole
works.

Copies: sigiw&
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aProjct: WES Rmfaerm 25-03-ROM-015

3Presenc RSS, G Hale. RHL. Dat t3 March 92

David Hadanu TUme 2.00

Pm~mmd: RSS

Notes: Vicksburg

Subject: Blktling

The dempg csilaria for the coutminincat atumcan for the axentfuge were discussed with David Hadutmm
(Cxmistrmtion Serviom) Out-of-bamaice forces, air presmuxes in the dusuber said the matinal frequenciea of the

sicjnwue important considerations. The maxum unbeinbsmce condition would impose Impg cyclic forme
on the foundations. Air flow in the clamber wa imporximt. andit wa likely that there would need to be

. .mo for snuiajmd fluid flow agong the boomi. cono the wall and recycled thruoug a ilisi aiuinl the
perimete of the chaumber. Accesa would be by lift level sepsetio was necessary for safety. lIU location of
the structure was not yet fixed but the current sketch fromt the maufactuar showed the position on level ground.

A govenment estimate was needed for constnuction. A local AE would be contracted to provide an outline
design. Progress would need to be reviewed at close intervals. The wmate table needed to be located and a SI
would look for possible day pockets (as had been founid under the GootedieBuilding).

RSS could buief AE on dhe namur of cmtrifuge testing while on a future visit.

copies:Signed:
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projct WES Raeleame 25-Q3-ROM-017

Present RSS. J Nicolas-Fout. l&W 23 April 92

Aautrouic staff Time: 11.00

Ptq~wuL RSS

Notes- Les Clayes

subjeect Progress

No, disclosure agreements between Accurinec France and ANS&A rqepreentatives waereMCCVed RSS usiged and
returned doeoriginal.

The notes ofJR~s meetin (25-0-ROM-016) bad been received by Aastoimc. Theme werecerwn issues which
Aasinic, hadE responded to directly in a lemarto JFC (copy received) and others whichs would be addressed in
AcutonisIs lt Report

Structural Design Aspects

The ncessity of lhaving considered the larg platform option as part of the initial sizing of the centrifuge was

Stressing difficultes with the smull plafform at 35 0g were noted A new stee had been selected (SPedlkubons
received) with a yield sores of around 69D MP&. Six pins were now proposed to attach the sla to the frnies.
Analysis using ANSYS under self weight and with the circular footprint liad given maximum stresses of around
237 MNa (Von Mises) which was considered acceptable. Prestress from the insertionof the plus had not yet
been oomisdered. The selfwelght of the slab is around 2000 kg. Th7e alignment of the pins was critical and
tolerance on tediAnee of the pins would be small - around 0. 1 mm. Load would he distributed between the
six pins as predicted deflections were of the order of 1 nun, considerably in excess of the tolerance. M1w support
frame was also designed with a lower stiffness (in the axial direction) of the central member.

Thke support [ranes were now estimated to have a weight of around 1200 kg each. Stressing analysis of the
frames had also given problems with high stresses predicted mround the hbook" where the [rane is pinned to the
boom. Hfigh, strength sted with yield stres of around 1100 NIPs would be achieved by treatment (forging etc.).
T'he bolts on either side of the pins are necessary to carry the tensile forme from the tangential spreading of the
franes. Clearance prevents the bolts being loaded in shear.

Pins have been analysed satisfactorily: high stresse where load is transferred to support frame.

Access to the platform slab for weld inspection in the areas of high stress should he possible. 11C stress
analyses (copies received) show high stresses on the uniderside which would be acessible through the welding
holes. H-igh stresses on the upper surface of the slab clearly in compression. Weld details would be discussed
with the French Welding uitiute mound the end of May (onice the design is comipleted).

Dynanic calculations for the centrifuge will be revisited once the final design is complete. The isspoetasce of
achieving a high natural frequency of the chamber was stressed becausseof the significant energy found mound
higher harmonica of the fundanental nmodes of the centrifuge.

The design of the swineging platform was now commencing. Attachnments would harve to be defied soon by
ANS&A/WES. It was expected that this would take one to two months. Thec design of the rest of the machine
would follow.

Ilia spilling of wite in the chamber was discussed. Thie Aaatronic sliding door ranageesent has seals on the

Copies: Signed:
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sides and acoss the top of the door and an additional flap orsedt could be added to the btoofthe do

Thumaynee t bechoW or indprssue a 30g ut n rinipl i wa thugt tat unwas so

CENRIUGE
CHAMBER

door in place
with seds on either side wall

dor CENTRIFUGE
C31QABER

flap~seal I

Detailed Work Schedule

It was noted that the work schedule which had been received was a simplified work schedule and was not
sufficient to oversee chart progress. A ded~ed work schedule will be prepared based an sub-assenblies. line
or cross-referenced to the Famifly Tree. It was agreed dhat such a detaied schedule would assist discussions on
technical achievement.

Specifications, calculations Cet.

A copy of the file which has been scnt to JFC will be sent to RSS in Cambridge. This file contains
specifications etc and will gradually be built up as the work progresses. Three copies will therefore be male:
one for JFC, one for RSS (WES) and one for Aaitronic.

Quality P'lan

Acutronic'a Quality Plan (Revision 0) had been received by RSS on 21 April.

Audit

Meetings were held although not to a fixed schsedule These were primarily the responsibility of Mir Aliphat but
my member of the Teem could call a QA meeting. For example the Technical Director might call a meeting to
discusgs the work of a sub-contractor. RSS suggested that Section 7.2.2 be altered to reflect mome strongly the
necessity of QA audit and that a principal function of such meetings wee to eradhsan adherance to the QA

Tedmnical responsibility

No mention is node in the QA Plan of technical responsibility. For exanple Mr Niolas-Font (Technical
Director) is not wmenioned in the document. It was explained that the role of the Project Mansager. Mir Oak. wee
largely admiuinistrative and all tedhnical decisions and instructions were doe responsibility ofMir Nlcolia-Fant in
his capacity asTechnical Director. It was suggested that Mrt Nicolas-Font should he identified under the
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corporate aectioriu RSS recommeneded that a new section be added to explain in derail the structure of technical
254-0ROM-017 (ontd)

responabihiuty and She procedures by which istrutinseo were issued. eg. verbally or in writing etc. Nr Perldria
(who joied the meeting in the afkamoon) suggested that detailed written comments should bemadie by ANS&A
following receipt of a fair tranusltion in English. However ANS&A agreed to work with the verson ct
Aciatrodecs Quality Pisa, which i. in the original French language, being the language of the eaginvers aid sacff
who would have to implement it.

A statemnuat on the achievement of technical quality should alao malm reference to the interfacing of Acutrosic' s
Quality Assurnie activities within the overall Total Quality Management of the centrifuge facility. which was
the responsibility of ANS&A. In explaining how technical quality would be achieved reference would he maide
to Aastivitces 'structions and Praceduires" docutments. These were viewed;, many we"si in draft forna but it
was hoped that they would be published shortly. Far example a new draft approval sheed with space for the
signatures of piepofra. checkcr and approver (whinch would replace the curent sheet which required only one
signature) was noted.

Under Section 8.0 it was noted dtham n function of the QA Man~age was to question the project town with
regardl to meeting die product specification.

Acutromics fins Quarterly Repost will be coimnenting on JFC s meeting notes (25-03-ROM-016).

The letter from Mr Voassto W/ES dated 13 April was dliscussed. Erion in the letter in the discussion of (a) the
detailed work schedule (it was a simplified schedule and not a detailed schedule whinch hadl been received by
ANS&A) and (b) die Quality Plan (which should have read Manual) were noted.



S 1 ANS&A LAd

II Page I of I

RECORD OF MEETING

Project: WES Refereia 25-Q3-ROM-018

Preset: RSS. RP. Pal Gilbert Dav 27 April 92

Time: 9.00

PteWmau RSS

Notes: at Vicksburg

Subject: Goods eapaimnsit

Experiments of intres to Geoteda include soil-structure interaction, settleamm, rapid drawdown, clima
onditiam, ex. freeze thaw.

Could test IUi rowa, for emiple. Would like to use day emiy on in an expaimait (eg. Georgia Kaolin, or
Edgu Kaolin from Florida). Concen over invesameas in day mixs mad easlidmeta iy on Clay U
howevr a key pet odf e work of the Sois Group: a tall tilting tower would have wide qaplicabon

An alternative test would be a lock model, investigating eath pesure n the walls and uWlt caused by falling
water levels in the lock. Probably use plane strain box with smtds mad (ultimately) days; perhpa have day
prepration in FY94 equipment proposals. Sketches to be prepard by PG of typical model layout

£ Copies: Signed:
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Project: WES Rdeaece 25-C3-ROM-019

Present: RSS, RP, Steve Maynard DWte: 27 April 92

Time: 10.00

pfqmu&L RSS

Notes: at Vicksburg

Subject: Hydranliacs peiments

The meeting oncenrated an the proposals from Steve Maynard and Burt Boyd to investigate head Ion through a
rock dyke in a long flume.

The length of qiproac upstream of the dyke and length of exit downstream were critical to the success of die
experiment; the dimensions shown may be insufficient (the flume is amroud 3 m long). The experiment is based
on an actual project that was carried out at WES t scales of 1:9. 1:18 and 1:36. (Head loms of around 6 inches
to I foot prototype were found across the dyke.) It is intended as the perfect application of centifuge modceig
for hydraulics problams - for models to investigate turbulent flow, which cannot be achieved at 1g. The
e ets that had beeo caried out at ig showed a strong scale effect at 1:36. Te difficulty with increasing
the length scale is that the Reynolds mmnber drm drastically (maintaining a Frond modal).

Other experiments of interest included measuring forces and vibration on gates (such as below), perhaps 60 feet
typical dimension, which we cuenrfily moddled at a length scale of around 1:20 using brass.

supply to flume

flume

The original concept had been that the long package would be carried in the tangential direction. Problems of
curvature and of the new Acutronic design for the banger (with three straps) were discussed. The problem of
accurately trimming the centroid of the flume to hang exactly in line with the centroid of the platform was
discussed (flow over the entrance weir would need to be uniform). The alternative would be to carry the flume in
the uptight direction (which would avoid both of these problems) but its length would mean that it would have
tobe blocked up on the swing. This could provide room for a stilling tank.

flume 
supply to stilling tank

Copies: Signed
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SThe length of the flume would create severe difficulties in its presen form. Alternatives uch as uhin a smaller
langth scale (eg. 1:50) or accepting a smaller flume (perhaps it could be reduced to around 2.5 m) were debated. It

* was noted tdat in hydraulics modelling length scales of smaler than 1:36 were very difficult and would only be
of limited use - difficuties had been cxperienced in using bas at Ig to make miniature gates etc.

The supply of water by scoop or trough was discused. A steady flow was citical (varing pressumr in the water
column amind i., fluctaionsi in the upply presure would be useless) mad a scoop may thereore be pjderable
as steady aonditios am malaiaed. However the speed of a scoop was probably too high - a very Img reservoir
would be -,uired aouad the ceanra axis of the ceatrifuge. The mduundwg dogim solutm would be gratly
improved if many inles were specified this would even out the oditioms in the doughnut.

The speed of the centrifuge with g is estimated as follows:

j level at frequency Hz velocity m/s velocity m/s speed mph speed mph
7.5 radius inin 1.50 7.50 1.50 7,50
18 0.78 735 3674 16.44 82.21
36 1.10 1039 51.96 23.25 116.26
72 1.56 14.70 73.48 32.88 164.42

108 1.91 18.00 90.00 40.27 20137
350 3.44 32.40 162.02 72.50 362.50

Discussions would be held within the Hydraulics Group to consider the issues of flume design and water supply
system.

I
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Project: WES Rdenot: 25-03-ROM-020

Present: RSS, RP. RHL. Kim Davis Date: 27 April 92

Time: 11.00

Puqasul RSS

Notes: at Vicksburg

Subject: Structures experiments

Any equipment ordered in the short tam, eg. during FY93, will need to have wide application. It is expected
that initially a box with a bilat liner will be adopted both for economy and because the fimescale of most
projects makes the selection of more complex systems premature. A circular dumber will be satisfactory but
future work may use rectanguar boxes with windows for conducting half space expeiment& Possible sealing
mmgnents for the instioa of transduces might be as follows:

o ring

Potential projects

Damage to tunnels in jointed rock from aerial bombardment. Depth typically 5-15m to crown of tunnel. (RSS
noted the work of Prof Einstein at MIT in modelling jointed rock on the centrifuge.) Centrifuge perceived as
providing new capability primarily became of the volume of the model and secondly because the facility would
be in Vicksburg and immediately accessible. The typical volume that might be available within a Vicksburg
blast liner could be around lm diameter x lm high (approx. 0.75 x 2.7 = 1.9 tonnes of 'rock'). However it was
stressed that it would be difficult to pursue future sponsors until the centrifuge was actually in place and there
was therefore some reticence about defining experiments at this stage.

Two other areas mentioned were (a) penetration experiments (Robert Rohani) perhaps using 22 calibre bullets.
cubes of stell or aluminium, and (b) placement and stacking of concrete dolos (Ceritto) to investigate the
significance of design shape.

Instrumentation

Block motion in rock - eg. relative displacement or velocity of different Mocks dynamically; solutions might
include using reflected later light through a window in a half space model. Pressure measurements. Cameras
would be mounted near the axis with mirrors on the model.

I S
U ,
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Ptojc: WES Rfa•au• 25-03-ROM-021

Present RSS. RP. RHL. DIM 27 April 92

W Mrcuson Time: 1.00

Prwet RSS

NoW&s at Viksburg

Sulbjec Cntrifug progress

The meeting brifly addressed a series of tapi= related to the centrifuge development.

On the wthquake ulku, the form of exciatioi which would be adopted at WES for the centrifug was aoung
widespread intest in the geotemical comminty in the US. Variation of amplitude and frequency wa
considered importauL An decrohydraulic systm wa perceved by some experts to be a likely approc.

On the development of future revenues for the the impoetance of identifying early an future sponrs for
the WES centrifuge was wssd; this would necessitate the marktng of the centrifuge with other labs • ad
agencies.

In considering the managemnt of the centrifuge center it was agreed that a rge skills would be needed
amongst the key staf. induding the ability to interpret users' needs and for conceptual model defintion, den
aquisition and mastrking.

Possible arrangements whereby RP could spend time at WES for a period of at least two years from August 93
were discmused.

Progress by Acutronic in design was considered. Certain aspects, such as the cyclical air pressures in the
chamber and the consequences of catastrophic imbalance have important implications for the design of the
containment structur.

copies: SiSMA.I )
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Project: WES Rde 25-W-ROM-022

preent RSS, RP. RHL Do 27April92

R M[sh" Time 1.30

Prepar RSS

Notes: at Viclkbrug

Subject: lnfotion Techology Lab

Problems of intst are primaily in the fidd of soild-stctme interaction. excavation and placement of fill -
cosmtrciou processes in generl. For exa•p•i understmading the nature of she stresses sd earth pressures
behind a lock wall aiing from the construction of the lock and placement of fill would be a good example.
Civil wods provides fuming for researi. IT eugineers would expect to work with Geoech LAb to complete a
test Program=.

Tools for placement of fill. compaction (sad ultimstely excavadon) would be great interest, particularly related
to wall sod interaction but also for pile foundatio under static or dynamic load.

Action:

Paper by Bolton aid Sun on earth pressures on retaining walls to be sent to Reed Mosher.

Copies 5iEW-
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ft Poject WES Refavace: 25403-ROM-023

Present* RSS, RP, RHL. G Hale Dat 27 April 92

Time: 3.30

Prepared RSS

Notes: at Vicksbur

Subject Centrifuge progress nd buildings

Discussed meetings with Acutronic. progress with design (ounces over the stres analysis of the pltoun) mad
the response received fromn Aesitrmoi USA (doted 13 Apuil) to the letter fromt the Cmantricing Ofticer doted 20
Nlarh 1992.

Site Investigation. puimarily to locate the water table, and detailed surveys of the guiley amt to the laboratory
building wer, being cmarred out by Geatedi lii to asist in the siting of the containment building. A contraict
bad nam yet been placed with -n AE for a partial design. Water had been found at saromid7 or 8 feet bldow the
slab level of the present building mad hence the water table would inevitably be above tie founadation (in its
present location). Reniting of the structure furuther oam into the gulley was being cousidered. There would need
to be a brilig of the AEl on centrifuge testing and containment once the AEl contract had been awarded.
ANS&A would need to interact closely during the design phase.

The construction of the new centrifuge facility had been announced insa presentation at the Corps Geotedinical
Meeting (addressing Divisions, Districts and OCE) in Salt Lice City. It bad been explained diat ANS&A's
proposal hod been accepted and that Acutronic were supplying the mechanical equipment.L A Press Release was
not considered desirable but ANS&A were now free to discuss details ofitbe project with third patties: theprec
was no longe confidential. An srticle in ASCE magazine was another possible moute.

On equipment development PRIP money for FY93 was now considered to be in the dear; it will need to be
spent within the fiscal yewr. A list of equipment aid budget prices would be prepared for discussion during the
comning stummer. The earthquake shaker would not be in the budget until FY94: all equipment in FY94 mad
FY95 would require to be individually justified.

Copies: Signed:
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jrojoct WES Rdaaeu 25403-ROM-024
Present RSS, RHL Data 271April 92

Tune: 7.00pm

Prepare RSS

Notes: at Vidksburg

Sub~ject: Ezthijuake shakers

The Ixopess at Cmilbridge with the design of aspring acuotut was discussed. The desirability of developing (in
the future) a multiple riemechnudism mad the capability to vary the amplitude of excitation in flighit was noted.

In deciding the nature of the drive system that would eventually be selected for the initial WES shaker it was
agreedl that high S performance and mumnial cost were top priorities. Ths would be unlikey to be achieved by
servolaydmaulic, systems, but the capabilities of such systenms and the nskts assocasted with their developsment
would be discussed with users of present systems and mnanufacturess. In partctular commnmt on. likely
perfornaice at high g would be sought. At present it was considered that the risk assciated with such a
development would be very high. It would he particularly difficult if the system delivered to WES was not
capable of extploiting the power of the WES centriuge.

Copies: Signeld
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SPreject: WES Rdauace 25-(B-ROM-025

SPreset: RSS. RP, RHL, DME 28 Aped 92

S Mayortd Time: 9.00

Frpuect- RSS

* Nos: . a Vicksburg

Subject Hydradis lb

Steve Maynard will be visiting Nottngham between 12-18 July 1992 and will anpt to cmbin thi withsa
lImief visit to Caunuidge,

Solutions to the delivery end supply of water on the centrifuge were discussedL An on-axis tank was the
favoured solution, mounted around the slip ring stack and assembled in segments.

water input fanm roof

- water output along arm

central axis

The internal diameter of the hollow cylindrical tank would be around l.3m; it would have an internal weir and be
assembled in segments. The pipe along the arm would need to be rigid - a flexible pipe would be unlikely to
cary the flow velocities.

At the flume end the emphasis would be on using the available volume to still the incoming water. Steve
Maynard to prepare a sketch of the amtral hollow tank. to size the pipe along the arm and to provide a
conceptual outline of the stilling tank that would be needed on the platform.

Copies: Signed
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froj=ce WES Refeemo 25-03-ROM-026

PresatIL RSS, RP. RHL. Data ~ 28 April 92

V Cerritto Time: 11.00

PftsPuu RSS

Notes: at Vicksburg

Subjject Platform analysis

The analysis of the pins and platforn carred out by Acuircanic to date wa discusedL Concern wa e~xpessed
ovrthe bounduy conditions whinch had been used in the ANSYS analysis mad whether the global slfaeases of

the counections between the slab and the hangers had been adequately modelled - particuladly relating to rotation
of the pins.

Alternative uagrangeents to mount the slab on the hangers were discussed. The hangers themselves could take a
truss forn although this would be likely to require a considerable extra weight of steel.

The structural maoxysis capabtites of the Structures Lab were discused. RSS noted that it wats ANS&A' a
intention to take up the stressing issue directly with Acutronic immiediately on his return to the UK JFC had
been asked specifically to raise the issue during his meeting with Acutronic today.

Copies: Signed:
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Project: WES Reference: 25-03-ROM-027

*Present: i-PC. Nicolas-Fonst. Daze. 28 April 92

SabardGsawm Time: 11.00

Prejaaed .IFC

Notes: at Acutronic. Les Clayes

Subject. Centrifuge design calculations

Since die previous meeting on March 30th. Acutronin sent to i-F Corti the following elnments which were
examined by iFC prior to the meeting:

(Parts of genera doctumet: WES - AlechanicaI Design of the model 684-1 Centrifuge. Matrch 1992. jS7(X39)

-famnily tree updated 15 March 92
-drawings 684- 10 0000 to 0004
- modal 684-1 key specdifcations (March 92)
-small platform dimensioning (March 92) §111 0.0 to 6.3
-Power consumption -definition of Power Plant (March 92) §VlIlIand 2

and Acutronic Quality plan for WES project.

Questions discussed with Acutronic during the meeting.

Definition of muotor drive unit

Chapter VII mentioned sbove defines the specifications fixed by Acutronic to the suppliers of the motors and
gear-box.

Power and torqsse requirements have been evaluated according to the same approach and modelling as the one msed
for LCPC centrifuge, which has proven to be sound. Thec highest values correspond to the 350g case with the
small platform. The mass estimate of the small swinging basket used by Acutronic seems to overestimate by
about 1500 kg what is likely to be achieved. This represents a small margin in reserve for the run-up phase (if
the other masses and mnerfias are correctly estimated). Thev power values required at the end of the run-up phase
to 35Og and for stationary rotation at 350g ame about 2000 kW and 150 W. These values exceed by about
25% the estimates made before by Acustromsc in the product description.

A margin of safety of 10% (respectively of 20%) has been added by Acutronic for the definition of the motor
(reap. the gear-box), which looks adequate.

At the end of the design of tlhe centrifuge rotor design, verification of the power requirements should be made
with actual values of masses and inertias.

The motor drive system has been ordered by Acutronic:

- motors to Leroy Sommer (France)
- gear box and lubricating system to Canspabadal (Spain).

(Note: control in the factory should include that of the lubricating system.)

Copies: signed.
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25-M-ROM-027 contd

Inefcebten etiu n i x~li

Acutrouic has agreed with JFC for doe need for a apecial chapter dealing with the questiona of interface with the
building. This section would contain only infatmation pertmenat ad necessary for the design of the building and
the requiremnats impose by the cntrfuge.

Atte oet ctomcinia tm hepop~dsytmwoudonly m permitdslcmeto h

Swnigbasket for 350g

A new design is considered with:

- a platform supporte by 6 pins.
- lateral supports with 3 'legs" each.

This solution was presented to S Steedma!1 already on April 23. One considers here only elesnents not reported
at that tine.

* Platform

FEM calculations with ANSYS show that stresses in this design are likely to be acceptable with N A XTRA 70
steel which has an elastic limit of 690 N/tnm 2 resistance in tension of around 800 N/mm2 .

Thes calculations were made however with the position of the axis of the pins kept fixed. This does not take
into accmout the influence on the load distribution among the 3 pins due to the compliance of the lateral
supports. Thie stiffness of the 3 'legs" can be chosen so as to minimise relative displacement of the 3 pins axes.
This should not challen~ge the present solution but a general verification is to be done.

*~Some additional calculations are still to be done in order to finalise the design of the platform, considering:

* - ~the strsse generated in the platform by the tightening of the bolts holding the pins,

- the stresse generated in the tubes housing the pins.

JFC invites Acutronic to produce drawings showing the principal stresses in the plane of the most highly
stressed -ra.

*Pins

FEM4 calculations (22 April) show that the design should he adequate. Calculations are a bit pessimistic since
rotations we prevented at the boundaries.

4 Lateral supports

The design includes now 3 legs, it should lead to an acceptable solution with:

- a manximum stres of 400 N/mm2 (tension in the inner surface of she hm ouig.
a ahigh grade steel 30NCDV14 treated for an elastic limit of 1100N/MM 2 ,
a manssof 1260kg for each support.
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25.-01-ROM-0Z7contad

The various bolts should be selected in order to cary loads with a factor of saety of at least 2.7 m th othw
Selements. They abould be tighlteed to a miimum of 50% of fhe nominal toque in order to casum a proW

ssawmbly.

The next meeting is scleduled o June I st, at Acutronic offices in order to examine:

- the pmous of c entrfuge caicutiaas.
- the detiled design planming.

! ~I
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RECORD OF MEETING

Ptoject: WES RduMa 25-03-ROM-028

Present: RSS. Mr Nicolm-Fout. DEae: 12 May 92

Mr Gawad. A Hoy (BFQE Ltd) Time: 11.00

hqinu RSS

Notes: at Acutroic France. Les Claya

Subject Patfom analysis

RSS visted Acutronic with Mr Alan Hoy (BEQE Lid) to discass the numerical analysis of the plahform carried
out by Acutronic to date. New analyses with improved boundary conditions wound the pImn had nix yet been
completed, the next suage would be to look at the preload from the pun assembly.

The details of tr- mesh (for the analysis of the slab) aMound the pins wa discussed. It wam otplaned that rod
elements were used with radial spokes [A] connecting to the "txshing. The pin and bushing were considered to
be a single mimt incapable of relative movement because the chose taper of the pin (aound 5°) wa les than
the friction angle of meta on metal (wound 5.7). When loaded it is considered that the pin cannot slide and
therefore that modelling as a solid unit is acceptable. However the stiffness of the rod elements (such as [A]) we
clearly the key to the rotational stiffness of the pin; this will be adjusted in further analyses to match the
stiffness of the pins deduced from the pin analysis itself.

[A]

dab

High stresses new [3] (which were a concern t'w,.i the earlier plots) would be smoothed out by a proposed
redesign of the back of the bushing.

former concept; large opening behind disc -
high stresses at point [B]

new concept; disc welded to plate along edge
to transer stresses directly into bushing

P31
C s S

Copies signe-) d,
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Global stifuneames

* ~~Pin/A-W stiffnes will be applied to model or Wah; a tension sprung and a torsion spring would provide the

~O atrestraint at the aid of the rod element

torsion spring

tension 4

In the analysis of the pinlhouger joint the asstumption of a fn ine is an assumption of infinite rigidity in die
platform. The hot spot identified under the pin at [C] will in practice be smeaed out if somie troussiatnlWrotation
is appie to the pin. However. the assumption of infinite rigidity is conindered to be a wont ewe for struesse in
the pin itself.

t Irtpmn fixed around bushing

pin

Hanger

The three straps will gives numnimumn weight solution. Any alternative, such as a truss, would add considerably
to the weight because of the need to transfer moment into die ouiter straps.

Dynamics

Emlhualce loading on booms still needs to be defined. RSS will provide a rough indication of the shaken mass
for Acutronic's initial dynanic calculations. Blast loading was also discussed; this is considered lo be primarily

anissue for container design.

Finite Element modelling

Block elements used to modeldie bushing will alsobe used tomodel the disc at the codcifthe pin. As far as
possible trijagular elements we lo be avoided in ofasc high stes. Approachees to modelling the humger/pin/
bushing nusmbly werediscussed. A simple model using rods and shell elements (for the sla) could be conred
out nas separate check but it was noted that rods and shl elements wre not very compatible in the analyuis.

However blocks will be used to moxde the pin aid bush assmbly and to reduce elements elsewhere (eg. towards
the centre of the sdab).
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Fix at ather [D] or [E], use stiff rod deements to the inside of the bolt-hole.

Von Maise strss repesentation being used by Acwfomc is the SIGE (equivalent strews) commnmd. This is
bmsedon:

o*= 11- ((01-02)2 + (o2-o3)2 + (03.0 )2)}'2

Thi representation can be directly compared to the yield stues in tnion. Future users of the centrifuge will be
able to use the final FE model of the quarter slab to investigate other footprints.

Failure of the slab needs to be dehined. One indication of overload would be elongation of the hangers - this
could be simply measured. However Acutronic are not in a position to do such calculations.

i~i ___ ___ ___ _

_ _ '
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RECORD OF MEETING

P Project: WES Rdeasco 25-03-ROM-029
Present: J-FC. Acutromic France DOC I June 92

Time: 10.00

Preae RSS

Note: at Acuxromc, LUs Ciayes

Subject: Catrifueppogress

A meeting wa hefl at Les Clayes attended by Jem-Fraa- s Corit to discuss cmtnfuge progress with design.

C*i
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RECORD OF MEETING

Project: WES Refrce: 25-03-ROM-030

Present: RSS, ANS, RHL Date: 2 June 92

Time: 9.00

PqeC&I RSS

Notes: at Vidcsburg

Subject Centrifuge progress

Copies of the Version C centrifuge specification had not yet been received by WES.

WES had not yet responded to Acutronic USA letter of April 13.

The forthcoming meetings at Bochum (opening of 661 Centrifuge) and at RPI (inauguration of 665 Centrifuge)
were discussed. Presentations at these meetings by ANS would discuss the wide range of applications foreseen
for the WES centrifuge. The value of the centrifuge contract was $3m.

The Cold Regions report prepared by C Smith at Cambridge was discussed. It was noted that Smith was due to
leave Cambridge in September.

Copies: Signed.
t 4 ,
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RECORD OF MEETING

* Project WES Mae=a 25-03-ROM-031

Present: RSS, ANS. RHL, WM Dow 2 June 92

Tame: 9.45

PVqut RSS

1 Notes: at Vidtsburg

Subject: Centrifuge progress

.1

Options for Ryum Phillips extended visit to WES were discussed. RP would be seeking a visa through the
"lottery systan.

Project Reliance (chaired by WM) will help to encourage integration of facilities, for example betweem the Navy
and WES. The cotrast between the largely civil works of the Coastal Lab and the Navy research was noted;
however WM expected to encourage Navy research to ue the centrifuge.

Equipment funding was likely to be centrally funded by the Station. with a tax on each of the Laboratories.

41

C

| • : ~ Silp3e:

D A



ANS&A Ltd

Page 1 of 1

RECORD OF MEETING

Peqject: WES Reference: 25-03-ROM-032

Present: RSS. ANS. RHL, K Davis, Daft 2 June 92

S Maynaord. P Gilbert, L Holoes. Timer 10.00

Prepare RSS

Notes: at Vicksburg

Sub~ject: Equipmetneeds

ANS described the current work being conducted under the Phase 2 ANS&A contract. A stooting proint for
equipmenet would be cylindrical tubs for operation at upto 350g; as equipment was developed anincreasing
number of Labs would be brought on board.

1) Sand pouring, vacuum saturation in a ireasolr tub would provide the capability for the finst experiments in
inflighot site investigation and bearing capacity. Tie first data report would be on the punch bearing
problem with teats being run by Ryan Phillips.

2) The seconmd series of teats, in a blast liner, would need interaction with structures staff apd would involve
Ig tests on the tub and liner system. The need far staff experienced in the science of modelling on the
cesurifuge was discussed: enginees, in addition to techniciana, would be needed to provide adlvice and
guidance, on issues suchsas grain aim effects, saturation etc. It was notedl that the collaboration with
ANS&A was expected to continue for some yeas; ANS. RSS and Particularly RP,. who would be resident
in Vicksburg far some time and may eventually beconmea staff menmber, would be aovailabe.

3) Tenmperatnre crostrool would be achieved in thermal liner perhaps using the vortex tube (to prorvide either a
hot or cold environnsent). Thermal controul would require insulators on the, walls and temperature conitrol
on the base and top. Collaboration by ANS with C.CORE was noted; C.CORE were epctingv to take
delivery of an Acstaronic 680 for commsuisioning in June 1993. RHLIANS(IRSS were planning to visit
CRREL later this stumner.

4) The earvirronmtisis liner would require to be electrically passive. Resistivity porobes would be expoected to
be theo first transoducers to be used in an experiment sudsh as monitoring the arrival of salt water from a
capped dredge disposal. In future device& to detect PCBs would be needed, or optical probes might be
developed to detec organics. X ray images; were another potential source of infoanaotion after an
expesisnent fromna dissected model. Geotech Lab used tohavea capability in this field.

5) TU easihqualm cpablhity requiresda carful norasdetation of structural boundary conditions; a shear stock for
examplecoutldbe used to porriide deonnabte boundaries with apporcoinsie shear stiffness to much the
contusned sadl. An emanakmenmt noade with liquefaction was envisaged as an early experiment.

6) The sails gsiuspsurquired fth capability of modelling day. A croosoidrsneter woulddbe required, arid a plane
strain box for problemsn sudch laslc walls. Plane strain boxes were perhaps 5- 10 times the cost of a
curaslar tub bast could provide the copprortunity for long poroblens such as embankmenert construction.
perhapsoa levee with reidoroed earth. Construction processies could be modelled with overburden pressure
ortusing a heavy fluid in bags (dhis would be 11propriate to the Infroomaticon Lab).

1) Constal capsbilities and desonstaraion experimsents still needed to be assessed; could involve exploisicons on
a beach at earthquakeecffects on ointa facilities.

8) A flumne desgip and stilling took to provide a capability for Hydraulics Lab was stl of coocntw; it would
probsably need a IS mondel (at 'VME) to test the concept. Funding for audi a mcodal. perhaps a 1/4 scale
plexiglos replica wculd need to be eotindered but would probably be of the order of $5000.

Initial items would he budgeted for, bust flurther itemsi would not be priced because of th difficulty of pricing
development items. Staff for the cotrinfuge censter wosuldbe initially provided by the Geoiesch Lab. Other Labs
with expeuimnetis to ceonduct would uwe their prorjects to pay for their work, after the frst initial demonstration of
capabilities. 'The, enter itselfwotd not bea tax on any of the Labks as it would he provided "ptaid Wip.

Copies: sit-&t
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£ RECORD OF MEETING

Pnoject: WES R cda c: 25-Q3-ROM-033

Prese• : RSS. ANS. RHL. OH, DOtC: 2 Junt 92

D Hau- ms.Ed Johnson*, TaMe: 1.10

Tom Tllisn*. Bob HAWkin* PequtuL RSS

Notm: at Conmstction Services, WES

Subject: Containment design * with Jouuson-McAdan

The meeting was arranged with Johnson-McAdam. the WES AF- to brief thir eagineers on the paticular needs
of the contaiment sructure, for which a 35% design was being sought

ANS described the bakround and basis of centrifuge modelling. The scope of work to develop a 35 % design
was discussed. The purpose of the 35% design was to provide a good estimate of the cost of construction.

Detaild discussion d the containment structure and its services ensued. Unherainties exist over:

1) critical dimensions;
2) the pressu= wave on the interor of the chamber;
3) the necessity of access to ft chamber from the roof and from the side;
4) the power supply and the adequacy of the present switch gear;
) the detailed layou of power, geices and lighting required in ft dcamber.

The meeting concluded with a visit to the site.

Copies: Signd:
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Project WES RMmo= 25-C3-ROM-034

Present: RSS. ANS. RHL. OH Date: 2 June 92

Time: 4.30

PapFired RSS

Nowe: atWES

Subject Carnifugeprogresa

The invices received from Aaatronic had been paid. The difficulty of monitouing cmab-flow without a revied
breakdown of activities was noed. Acurobnic's first quarerly qort had not ye amrived. However the cad of the
detailed design phase was considered to be a very significant milestone to ascertain whether or not the project
was on target; this was still some way off.

A letter to Acutronic USA, copied to Acutronic France, would be needed to address the following:

1) The absence of the quarterly report;
2) The absence of the detailed work sdcedule linked to the family tree;
3) The absence of the Vaimon C Product Desaiption copies requested previously;
4) The information needed to address the AE s questions on the continment structure (at least part of whWh

was expected to be in the Version C document).

Other issues raised in earlier meetings, such as the supply of specifications etc, should be addressed to Acutrona
Fracc by RSS directly.

Access to the centrifuge clamber was discussed. It was agreed that a single shaft would be used, with a staircase
aialaage landing at the floor level of the centrifuge clamber, where afork lift could be parked during
operations. A crea would be able to lower equipment to the landing where a mobile unit such ass fork lift or
"aemne hbio could transport it into the centrifuge chamber itself.

The r•le of Cid was di&cmsed. WES had been expecting to issue purchas ordern for equipment to (3d for item
such as, for example. a general purpose tub. Concern was expressed over the cotracutn/l obligations and
liabilities this might impose on ad. The specific role of Cid, mentioned in ANS&A's repcnse to the BAA.
was tweed.

Copies: ind
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Ptojct- WES Refauence 25-03-ROM-035

Present RSS. ANS, RHL, L Hales. Date: 3 June 92

G.Bradley Tune. 8.30

NPlellle RSS

Notes: a WES

Subject- Coastal Lab capabilities

The wide range of projects related to the coastal and the offshore fields which had beet undertakat on the
centrifuge were discussedL The comtplexity of die field problana in the coastal ame was noted. Jetty failure, for
example. often requtired noxdelhing of wave attack fronm differet direciat with current flow and large and
complicated geometries of site. However the Coastal Lab had a long history of using physical models for a wide
range of pwoblms-. scale models of dolos, for exantple. at 1:30 or even 1:50 bad been nmade for experimental

The emphasis at this stage on demnonstrating capabilities with the centrifuge was highlighted. Clients would
need to be educated as to the benefits of physical modelling. the directional wave generator, for example, operated
by the Coastal Lab had proved diffliclt to sell. One route forward might be for a new hire to act as the
centrifuge link betweent Coastal and the Centrifuge Center.

A demtonstration experiment could address the impact of waves on a coastal dyke:

A1 Capift Signed:
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Project WES Rderesm 25-0-ROM-036

Present: RSS, ANS. RHL, OH Da. 3 June 92

Time. 10.50

Preard RSS

Notes: atWES

Subject Cntrifuge progress

Posble contracturi arrangements for the ordering of equipment were discussed. ANS&A's response to the BAA
had specifically nominated Acutumnic Friance and Ciel to provide die centrifuge hardware and inatrumentation and
equipment. Equipment could therefore be ordered under the BAA without going to bid.

Two invoices from Acutronic USA had been received and pad. These were broken down by materials and labour
but were not linked to the tasks identified on the family tree. The quarterly report now due from Acutronic
should address progress by subassembly.

The AE concened with the outline design of the containment structure had been in contact with D HauhDan,
submitting resumes for enginem with explrtise in dynamics. Confirmation was sought that the maximum
flow envisaged through the chamber was 2 cubic feet per semod (25-03-ROM-001 refer).

Capins: Signed. 3p. f /
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g Project WES Refacom 25-03-ROM-037

Present: RSS. ANS, RHL Dal 13 July 92
Time: pm

•' Pared: RSS

NiNow Albany. NY

Subject Centrifugeprogress

1) Acuonics rust quatedy report and D Version specification had been receved by ANS&A. RSS and JFC
were expecting to visit Acutronic on 16 July. RHL (but no( GH) may visit Europe in early October. The
commissioning tests were discussed. Further calculations by ANS&A may be necessary in fiscal 1993 to
coafirm pefomance in cetai areas

2) Th progress of the 35% design study being caried out by WES's AE was discussed. The site had been
surveyed and two soil bonigs completed. The present position of the centrifuge, out in the gulch, has a
bem all around the strutum.

3) ANS&A's draft final technical repoat for Phase 2 had beea completed; ANS&A's recommendations for
equipment purchase were bridly discmssed.

Copies: Signed:



ANS&A Lid
Page I of I

RECORD OF MEETING

Ptojw: WES Rdaeinr 25-03-ROM-038
Primen RSS, RIIL AN/S, JP (Acutroic) Dawg 14 July 92

Trmi 1.30 pm

Parsed: RSS

Note: RPI, NY

Subject Centrifuge progress

1) Ih deta•lel work schedule linked to the family tmr) was being prepard and would be supplied to
ANS&A.

2) The rile of specifications for sub-assnmblies can readily be supplied. RSS to pursue with JN-F.

3) The stresses on the foundation were not changed at present but the total weight of the machine may be
slightly differaet as a result of the redesign of the swinging platform and hangers. The stresses under the
motor set were now reduced as the motors will now be mounted on a steel skid plate (which will distribute
the stresses into the foundations better).

4) The pressure wave in t(e chmnber was discussed. Memaurements made on a 665 model at Les Qlayea had
proved very useful in validating their calculation approach. At full speed the centrifuge will rotate at
around 230 rpm (:t 4 Hz). AFA were strongly of the view that the minimum structural natural frequency
should be 3 times this value. The wall would probably be atiughforwmd because of its high inertia and
the exterior damping. The roof, however, would be likely to prove the weak point for the dynnmic design.

5) The slip rings and rotary joints would be straightforwagd to modify fWES required. (Unless parts had
alrady been orded.) 3 Phase power rings would be fitted a standard Equipment issues will interat with
Acutarunieasdetailed design and ANS&A pointed out that the absence of a detailed work schedule could pose
Problems.

6) The water flow system will need to be above the boom Mounting points on the drive box will need to be
discussed; at present the design has 8 mounting points but it may be necessary to allow for 12.

7) The overall design should be complete by RHL' s proposed visit in October although not all ofthe detailed
drawings will be finished at that time.

Cope),
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gProject WES Relemooe 25-03-ROM-039

Preait PBS. JIP, W* bfiholas Font. Dow 16 July 92

I*r Unwed. h~r Salrd (Acautroc) Time: 10.30 an

zPwqwe& RSS

'C Note Acumuin dromfc. Les aasyu
Subjecti CAfislfge oveas

1) Famsily tree and activities chart

Tbe current vasvion of the family tree J57009 Revision F was receivedi aid comspared with the cost tracking
plot (by activity) dated 15 June. Subassemblies on the family tree, eg. basket assembly 001 cam be cross
refesuaceti with the cost traking. A miore detailed bmeakown, eg to pi an, platform support and
shrousds would be possible and would involve adding more lines.

A plot indicating the logical connections between activities and their durations and dates was requested and
will be sent to ANS&A by Acturonic.

2) M'fuGrey Wan of calculations and specifications (a copy of that held by JR) was received and inspected by
RSS to be held in Canbridge. The file was later withdrawn for final amendiments and would be maet on to
Cambridge by mnd.

3) Review of progress

Platform

Detailed drawings of the platorm. and the platform bushing and pins were available for discussion.
FE comuputations now show the incusion of the pin in the slab and show greatly inmproved anu
diatributions below the pin and in the thanger of load into the pin itself. A model of the pin and the
hansger alone (with fixed ccutniaftarund the pin) is considered ausevative for the stresing of the
pin iftelf and hence for the. selections of mnmasiL.

Platformn support

Augements for the supporting ahroud were discussed. The attachment deed as presently
eontuigurd is likey to lead to high an-,ses in the mounting dote to comanptibility of strain between
the main strap and the attachnent detail. Thes will need to be redesigned.

(2-
Tbe siz and position. of the fixin points nseed to beddeined. Similarly the electric and hydraulic
chmla have mat yet been dIIesd Prhenaued for wimiatsio panels on the supports was
diuaused. Thac sued to be dermed by ANS&A and commuualtemieto Acturonic by October.

ILim Siped:
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Ref: 25-03-ROM-039 cownd.

Wing assenbly

Analysis of the pi connection to the boon has shown very high stress concentrations in the boom
itself. some rearraagemnat of the bushing detail has moved (and reduced)l these srs
concentrations. However this has necessitated a significant incrase in the dianeter of the boom at
the ends over the original design concept. Tins was discussed in detail. Alteing the computaton of
the bushing cotact uamis awkwardl because it requires rebuilding the mesh. Several lengths of
contact ame war, tried, the extreme being over the: full area - this being the original solution which
gave very high stresses at the lip. It was agreed that the primary problemis the constact suress
ANS&A stressed the importance of considering alternative solutions. FE computations or
alternative designs, which could tninimisc any increase in boom diameter. The increased boom
diameter will reduce visual aooss between the booms and make the running of lines along the
booms and onto the swing more difficult.

Feuce bushing length

accepsresses stresses.reud
unacceptable moment on boom, but

Principal axes for quarter
sections of the boom am no
coincident with principal
axes for half section of high contact stresses pass

severdalxses shout * ery similar to the crane
wihbending may *hook problem

take place,

Progress against the famsily tree was tumnearised as follows:

001 complete eceapt shrouds (0012.0013, 0018)
0020 otmiplef teiqt for put problem discussed above
0024 compklend Judliy
0021 drvebmtaamtdesigmd

j 0031 transmsnsion to be done in Slemitane
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Red: 25-03-ROM-0X9 cold.
"I

0032 bendu comlet
00L33 lubticali ftill to be done
003t4 (atdio.•amphAe
0B5 imb aimoc ceolae
OC36 dip rins to be cmipleted cid of July
003738 rcary joint to be done in Sqepembe (neah recd m madabou from ANS&A)
o04 power pmtly complete; amor, gear e&ordee. positiona cm r to be ordered m September.

Next meeting agreed fr" 15 September 1992 at Lea Clayes.
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Project- WES Referece: 25-03-ROM-04

Present- RSS. RHL Dfte 3 August 92

Tume: 9.30 pm

Piqasut RSS

Notes: Telephone nmecing

Sujc Equipmentpeopols

1) Questions; on the Phase 2 Draft Final Report

The recommnendations of ANS&A's Phase 2 Draft Final Report were considered in detail. It was agreed
that a detwIP0~ specification of many iter' wag dillicult because of the unique nature of much of the
equipment. This had led to the use of the phrase "perfornance to be confirmed"'.

2) Contract to sppy equip-en

Discussed CidI/ANS&AJWES relationship. It was noted that Appendix A represents a first pass at
equipment costa with a broad range of items and costs. The following was agreed.

Cid to be asked to quote for the supply of Itemn 1. 2.3 and S. Soint readuown of costs would be
necessary to identify where savings could be made to meet the available moines this coming year (eg one
tauosphesrical end nstead oftwo etc). Shipping coam to he indluded. RSS would request this bid from
Cid oni behalf of WIES and would then write to WES enclosing Cid's bid with ANS&A's

RHL to diascuss contractual arrangements with Betty Lague. ANS&KAs initial plan had boew that Ciel
would be contracted directy by W/ES but it may be preferable for ANS&A to submnit sepurme proposals
for the supply of equipment under the BAA using subcontractors as necessary.

3) Ryan Phillips

W/ES axpecting RP to work with them for a mnwidmum of two yeas as an ANS&A employee posted to
Vidraburg. As an ANS&A employee it would be ANS who should write to RP to offer the posting.
Funds for RP would be provided from W~ES through ANS&A under contrct

4) Building

The coistaiuinet structure had been priced by the AE. WES considered the figure high andsom
rethinking had heen taking plaum A significant dement of the aost. around $200K. was in the heavy
-ta anid Pavemnmt from the extag building to the centrifuge. Simnilarly the dlevator would cot aound

Si1fUL Curret approach to provide a'perW room 40' x 4W am to the centrifuge dlumaber with heavy
Gamae and acorn to the large stora ame behind the gulch. witch a light arn rnaning up to the
existing building. This rooms would dlearly be evacuated during operations buti would be used for final

aud preparion, and for fork lifts and heavy equipment etc. RHL to mea with AE an4 August.

_ _*_ _ _ _Signed: _ _ _ _
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zProject: WES Releream 25403-ROM-041

PeaL RSS. GLAwis Dae. 14 Sepember 92

4 rime: 130 pmn

Flqmmd- RSS

Notes: RAP Biaanwood

Subject: Equilpmau Proposals

1) Structure of puoposals

The finimicial infosuastion dhnt would be required in ANS&A s equipment proposals was discussed. The
Wowiwng heealdown was amed:

Design manhours and cos

Quoien from subcontractors. en CEL
Profit (scle down acooxthg to proportion of subcontract)

The subcontractor quotation should include catalogue reference where possible. but must include a
statement of mmaihours and cost, overlheads. hardware and profit margin.

2) Tunting

Contracts miuld be completed within 30 days. Ideally the Londo office should pan the paperwork on to
Burtonwood by the firer weekin October for a November start.

Copies: Signed
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Project: WES Rdaence. 25-03-ROM-042

Present: RSS. RP, RHL Doe: 16 September 92

Time: 8.45 am

Prepar RSS

Notes: WES

Subject: Centrifuge progress

1) Equipment proposals

ANS&A's proposals for equipment were discussed. The total cost of the equipment to be supplied in
FY93 was estimated at $300K. Delivery would be in mid-September 1993 to a USAFB in England to
permit shipping to Vicksburg to be completed by the end of that month. The estimated costs were
similar to those quoted in ANS&A's draft Phase 2 Final Report but had increased slightly due to the
involvement of ANS&A in design and specification (not originally envisaged).

2) Agenda

The Agenda for the present visit to WES was agreed.

Copies: Signd
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Projec: WES Reafamene 25-03-ROM-04

Present. RSS. RP. RHL, Committee: Data 16 September 92

Wayne Joan. Paul Gilbert rMin: 9.30 am

P~qied: RSS

Notes: WES

Subject: Castinfuge progress

1) programme

RIIL discussed the pogwrmnme difficulties caused by the unexpectedly high coat of the containment
structur. T'he full implications of this were not yet dear but it was still hoped that sufficient funds could
be found in FY94 to complete an schedule.

2) Acutrooic pors

RSS discussed Acutrouies progress during die detailed design phase. Difficulties had beena expeiesaced
with the very high loads being transferred to the boom mand this had still to be resolved but it was now
expected that some 'flaring' of the mad of the booms would be necesasry to accommodate the bransfer of
forme within the specified limits on factor of safety. RSS was planning to visit Acutronic ma 23
September to agree a strategy with dhemn.

3) Containment structure

The 35% design was now zomplese mad a copy of the report would be sent to Aesatronic USA shortly.
ANS&A received two copes of the reporL MThearrangemnent of the centrifuge mad its associated prep
room were discussed ms~dtail. Practical aspects concernul with the transport of models from model
preparation area onto the ar mad the inmplication of the, location of the control wm annd the distance to
the centrifuge were Auidered carefully. A general priefermace for an overhead cameaenparallel radls
instead of the single crine rail shown in the schemne was noted.

RUL noted that the position of the eentuifuge in relation. so the cotrol room had been discussed
informally with AastroeFatcimse who did not avisge, may sinficantdifficulties.

It was agreed that a sin*l entry door to the centriffuge chambher would be preferable to two doorsas shown
in the drawings. There would be thre air couditticeung systems: the chamnber itsel (although not in
flight), the prep room mad the control building. Mthre was extensive discussion of the layout of the prep
ream; it was noted that a rectangular room may prove more practical than the configuration shown.

W/ES expected to take these comments to the AE; a final design for the containment structure would
probably be rdelesed by the end of Septenber.

4) Equipmenittdevelopment

RSS discussed the nature of the proposals for the initial itensa of equipment mand instrumentation that were
to be purchased during FY93. RP described in detail ANS&A's proposals for the data aquisition system.
The am of the conceptual system was to achieve on board signal cond~itioning mad to use microprocessors
at the cenftr of the mmn for control mad defta aquastio.. These would he controlled remotely through the
optical slip rings with the video rouated separately. It was suggested that Nike, Ellis (rf Lab) might have
a contribution to make in this area

Copies: Sigwed.
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Project: WES Relemenc: 25-03-ROM-044

Present: RSS, RP. RHL, GH Dedc: 16 September 92

Tome 2 pm

Notes: Wiz

Subjec Centrifuge jogress

1) Prgam

Estimates of the cost of the containmsent structure based on the 35% design had proved higher than
expected. Following a meeting on July 23 at WES it had become dear that there were insufficient funds
to complete construction of the containment structure and to py for Acutrouice a effort during FY94.
Thkis would have the consequence that the project would be delayed by 12 monotths as construction of the
containment structure would have to be completed in FY95.

It was still hoped that additional funds would be found to comnplete the programme on schedule in FY94.
and this should not be ruled out for certain until January 93.

There was extensive discussion of the options available should this prove unavoidable. The sequence of
construction of the containmnent structure could be phased to run over FY94 and FY95. (Coinstruction
Services hod estimsated that cosstruction of the containment structure would take around I year.)

The in~hapleom ofdeay forAciruvc weauconsideredemefufly. It was noted thata sudden withdriwal
of funding to allow the, containment structure tobe comipleted could be very difficult for Acistronic, A
preferable alternative may be to sto the eompleted centrifuge (in Europe or at WES) for up to one year
whilst the containment was comapleted and then to request Acutreni to instal usd conumission the facility
in FY95. This would inevitably incur additional costs.

Thiephasn of the construction coats was discussed. Economnics could heacinieved by postponing
completion of the be=,a "rq room., pavemnsits mod covered walkway. overhead ease etc. Thins may
adiev asufficict savings in FY94 to allow the initial construction to proceed. However a partial
capability would be unlikely tohbe saataactoxy.

COO-e Signed:



S-II

ANS&A L•d
Page 1 of I

RECORD OF MEETING

Pr ct WES Rlduaso 25-M-ROM-045

Present: RSS. RP, RHL Do 16 Sqstrnber 92

"Time: 3.15 pm

paped RSS
Noten: WES

Subject Cmsifugp

1) Use of minidnan cenifuge for training

The visit of RP to WES could be delayed by one year if the overall prognme was also delayed. Part of
the equipmmnt RP bud ben planning to bhng to WES to asst in training mid equo pentt dvdopmmt
was the minidmum (a prototype of which was under conatruction at Caaniridge).

This could be shipped with the other equipment and be used with the trolley mounted data aquisition
system Other labs could use the dram to develop their capabilities and to generate data. interest and
ultimately proposals in centrifuge modelling prior to the counmnisioning of the 684-1 centrifuge.

Copies: SigSsn
:I
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PnmectL WIES Refcrenoe: 25-G-ROM-046

Present: RSS, RP. RHL. PH Ehee 16 September 92

TM 3.30 pm,

PkeqerV4 RSS

Notes: WIES

Subject: Caitriuge progress

1) Progranne delay

The importance of containing cost escalation was stressed in discussion of the consequences of a
programmne delay. It may be acceptable to build. instial but not nan the centrifuge if this solved the cash-
flow problem. However it would be undesirable to have a reduced capability whilst further funding was
awaited as this would have a negative impact on the reputation of VIES.

2) Minidnun

The minidruan could be an attractive proposition for training and equiptnent development, but the samte
argumnatsa applied as for the 684-1 about the use of the drum to actually claim a low level of capability.

3) Training and involvement of other L.aboratories

In the event of a delay in die programme the extended period available for training could prove
advuantaeous ait could be more individually based. However the coats that this would incuir for the
Laboratories would be unlikely to be met. In practice it should be expected that because of coats training
will be limsited to a period suchi as the six mnonths originally envisaged prior to and daarinag cmmaaa
of the centrifuge when it becomes cdear that the facility is actually taking shape.

4) External relations

It was noted that the US seotedmnical community was taking an increasing interest in the activities of the
WIES centuifuge prvgruamm; and that it was important to keep interested paries inforined, of progress.
Than aft mty cenitrifuge developnaents on US whica way prove very useful to the VIES centrifuge

5) Items for procuranent in FY93

ANS&Wa' proposals for equipment purchases in FY93 were discussed.

6) Blost load simaatran

Blast Icad aanaioiton similar to that proposed by ANS&A for use on the centrifuge were constructed for
VIES in the 196(Ts mad were still in use today. A number of referenices were available which could musti
in the design of adcamuber for use on the centriuge. It was agreed that fabrication to a BS for pressure
vessel design would be satisfactory.

The use of blow-off or pop-off valves to limit internal pressures was discussed. The importance of
considering friction front the soil acting on the sides of the chambher aid comaing s lime load around the

pmeuat the bute was noted. A lowver torospberical and would amt be necessary; normal practice was
to bolt the chamiber to a ccorfta floor.

copies. Signed. :
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c7) Developmen fobrnoe qimn

Model studies may be ncsaya ato h eeomn fcmlxadnvlieso q~et
Eixnples suci asthe hydraulics flumne were cowsderedL
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Rviect WES Rferseam 25-C3-ROM-047

Preset RSS. RP. RHL. JBEWaa DOae 17 Sqeusbr 92

Time: 8.45 sin

NwetL RSS
Notes: Structures Lab. WES

Subiet Blst modddling

1) Blast chmnber

The strctures lab was visited to view the blast chambers used for Ig model testing. Instnmnentation and
data aquisition for blast models was discussc

The nsture of blast loading within a confined chamber was discussed; Stuctures Lab coeld provide
assistance in the computation of peak dynamic and static pressures in the proposed centrifuge blast tub.

SSigne
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Reaject: WES Rd oec 25-03-ROM-48

Phoent RSS, RP. RHL. BLoue Dow 17 Sqitmbcr 92

Taine 9.45 a

FtMutM& RSS

Niam- Contracts llie. WES

Subject Coutraraauul issues

1) ADP

Discussios were held over the requireesntus for the procurementof HP resoumcesanmd whether these
covered the develeimenet of instrmenetation and equimpent systems for the centrifuge.

Guidelines an the application of the Regulations governig the purchase of ADP equipment indicate that
in the mae of the centrifuge data aquisition systems the ADP equipment is incidental to the primary
function of the proposal (thae is to gather information on pressures, displacemnents, acodlaubos; etc.
within a soil model).

Secondfly, the ADP equipment is embedded within the system that is to be supplied.

Thirdly. the ADP equipment is incidental to the BAA in terms asa proportion of the value of the project

Refassuce wa made to the Memnorandum "IOMR Applicability to Research and Development" autborod
by R Eflis.

.7 Signed:
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hoject: WES Rdamw 25-03-ROM-049

Present RSS. RP. RHL DW17 September 92

TiUMe 11.15 am

PWtqmut RSS

Notes: WES

Sutjwc: Smummary

1) Equipmen proposals

Intereat in die blast tub was strong and ANS&A should continue to prepare a proposal on the lines
reconmmended in &he Phase 2 final Report. incorporatin the additional information received from the
Structures Lab. A proposal for the fabrication of the blast tub could be made before the aid of October.
RHL would ocate the references discuased dusWn the earlier meeting with PH.

The drafts of ANS&A! s equipmntu proposals were discussed and estimated costs presented.

U s-Iz
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| Project WES 1daam 25-03-ROM-050

Presant RSS. RHL D 19 Sembe 92

Tinme 6pm
"FPrqrd: RSS

"Notw: TdeqPb-I meeting

Subject C atrifurepnopass

1) Prog amme

Tie neossary funds for the completio of ft centirifuge cntanment sbucha have bow identified and
the commissicmning of the cenuifuge is on schedule for 1994.

2) Equipment proposals for FY93

Shipping costs will be boene separately by WES and will not need to be indcuded as a pat of ANS&A's

budget

3) cmency nlbiations

RSS to discus the difficualine poaed by fluctuating exclauge raes with Buetawood and with I Comai.

4) Bcmaical Engineer

Appaovd lhas bean givean to identifym delctricul giaeet from hitsamnentio Saices Diviaion wbo
ow assist with the speification and layout of data aquisition sys paticulady high speed dynamc
das caup The Megioeer will beavailable for tepboe comultation and to raseat problem s in the
US. or to locate suppliers. It is anticipated ta t the aginer will have a long tem involvement in the
developomet of the astuifug center.

5) Imtiualation and equipment

Appmvd hao betn givean for the purd e of ewily idmuifihle items of imtnumntaion and eqiment to
be pienlsed in the US umag TU f& s rather dtm the PRIP f(inds eauw for the equi t
developumaL Thais will free up me of the limited PRIP monan to be used fr the supply od unique
eqyipez ratdm than doff-edwbdf itenm Obvious itma might incude po pmssure
tanada . diqaplacant amu s. cabling etc.All mehitums would eed o be blow than $5000 ea&h
If naeaomy items could then be slpped to the UK for integration with he rest of the kiL

6) Blast tub

The rele as thee fnds may able• do pundime of th blast asb to proceed a ouimgily anviuged, in
addiian to the pea .ci reuh tub and dat aqWisim sysma.

7) The proposed visit to CPMEL on 9'6 October by ANS and RSS lad not yet been cofricd.

Copie: Signed:
1 ! 1
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ptaiect: WES Relerece 25-03-ROM-051

Present RSS. J-FC, AFA Datas 23 September 92

pfqtimu RSS

Notes: Meeting at Lee Olayes

Subject: CAntrifuge pqpg-s

1) File of calculations

AFA sent & COPY Of the gre file of Calculations as requested co ANS&A on 21 July. RSS to locate.

2) Containment structure

The 35% design carried out by the WES AE was discussed. Acutronic USA could expect to receive the
part design shortly from WES with a request to bid.

3) Centrifuge arm

The use of a bushing with a sphaical bearing to support the swinging platform was discussed in detail.
It wa agreed thug this should be adopted for the design and that this would anb~e the increme in diameter
of the boom newr the ends to be mininisied. AFA would complete calculations to the best of their ability
on the sphescal hearing sod enquire, of suppliers. eg. SIM. whether a more sophisticated calculation was
available. ANS&A would request that inendt sauslys be codled out for this problm as the figorous
analysis is beyond the apahility of AFA. (AFA's cdalulation would be bmed on mean stress)

Boom diameter siotid be
reduced toc. 720nmm

Typical buehft arrangerrertt40v

2n--- ~ a½~ -:211:

Booms have now been forged in the UK.

4) Swing

Swiaig amos will be stepped by muachining from hummased steel. Attachmenet points have now changed as
the Ihu 'will be made fmom compooite materials cot in a shell sod glued to a lightweight frame, itself
bolted to attachent points on the hangers.

5) Shroud

Shrou design will include attachnent points for camens anmd lights. These should be as versatile a
possible to be able to see on either side of the centra strap, for atmaple. options. such. asa intatnal
lightweaight frane to support the caunarm within tie shroad werediscussed.
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6) Seavices to swing

Ther e sme4 hydriaulic baes to the booket. These could be rha and should be located inside (between the
Jboom&) ratbart thana tendaing edge outke. A wooden model ecoud be used toirveagute, options.

7Ue location of temination poocndas s till to be deervimmed. ANS&A's proposals forthe coanceptual
dona wluation rysomm wore discussed.

It was agreed that RP and J+C would agree the arragemnat of.

a) th arageetofrtxi onpwtlsanteswing;
b) the Camara positions mod lighting;.
c)t the -saher of optical anugs and racking arranggnewi at the ocutre.
4 the nature of' the termination panels for electronics and hydraulics;
c) tie need for a second termination panel new the boom divider.

J-PC and RSS would present this information to AFA at their next meeting in late October.

7) Slip ring stack

The provision for racking and connector panels on the central stack was discussed.

8) pfrogannie

Progres on the progranmne was discussed. A number of itemus ame delayed somewhat over their estimated
completon date (as at 30 July 92) but overall progress was satisfactory.

9) Safety M=sagMesa Systems

The inmplications of the new building layout were discussed. Externa doors will aeed aectaity shudw
with the exception of &cocas to the stairwell (and beace the slip 6in stack and motor chamiber) which wfil
be simply monitored open/ishut from the control room.

10) Stressing and anal) 335 of the base

A number of load ambeshd been considered. the most critica[ of which wa dlearly the maximmnm
inibelimmo under lees of payload. has condition produced stresses iat unde yield in hie srinag steel
mountings. Concern win rased ovar the fatigue life of these mountings in ibis condition. From
maxizunt speed the mounting could be snIgect to several thousand cycles before the nachine cane to
most and tests would be needed toaconfirm that the mountings had adequate fatigue strength to accept this.

11) Forces anstructure

Forces on One budiding stracture will need to be recomputed using therfial weights and loadings fron the
oustawg

12) Location of the buidding

The location ofthe control room with respect to die centrifuge will need to be dsecked casefuly with
regurl to low level signals. AFA will consider this.

13) Fuhnae meetingst

J-FC and RSS will visit Les CLaya on 26 October. A Final Design Review meeting will be held at Lea
alayes on 19119 November. Wr R H Ledbetter. Dr A N Schofield and Dr R Phillips will attend this
meeting with RSS and J-RC.
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Project: VIM Rdeseam ~ 25-03-ROM-052

Peesaut RSS. ANS. RHL. S Ketcham. DO= S Ontlie92

E Link, D Ucoodings. Thw9 wo

CRREL staff RPtqwed: RSS

Nlotes: Meeting at CRRE1. New H-ampshire,

Subject: The Army ountuifug cold regons applications

Meetin at CRRFL to discuss progress on the centrifuge and cold regions capability. Attended by ANS, RSS.
RNL. organised byr S Ketchamn for CRREL staff Presentations were male by ANS on mechanics of materials,
RSS anANS&A's response to the BAA and RHL on the centrifuge specification. After lunch further
presentations by RSS and ANS addressed project experience in dynamics and in cold regions modelling.

Discusion focussed on:

Experiments on sea ice.

1) Budding of an ice sheet was considered to be an ideal demonstration experiment. Modelling the correct
thermal gradient ca be calibrated out by conducting a second experiment and measuring the sag ofan ice sheet
under vertical load as a function of the dimacteristic length.

2) Crushing ofice Model of Molipsil at Igl produces a buckling and ame a crshing mode of fWolre. At high g
such an experimnent should produce the crushing mode o*seaved in the field. Needs a uniform ice sheet, mid, if
anything at the boundary, aithickness. Ithe Molipaq promian is significant beaeit involved a bmoad area of
contact. Problems which have a narrow wrea of contact. such as lighthiouses. can he modelled at Ig becamse the
ame of contact is much smaller and crushing at ig cat then he achieved.

3) Axisymmetric beowing capacity. The problem of a slowly moving load or point load on the ice surface not
considered interesting as can he reatily studied in the field. The question of fracture was discussed. No
satisfactory analysis exists to model fracture.

4) Breakup of glacters, impact front floatng burge bits etc need further consideraimon.

5) Rip rep and its interaction with ice Als of intereat

Frost heave

The priject proposed to the Army by Goodings cave was considered likely to be funded. The
applicability of the centrifuge to maodel a wide r, 1Terat frost heave problelms. such as flowting boulders,
pipelinaes etc was, discussed. Mte imposimace of tki hmaw cycle was noted. Soil-4tructure interaction with
froren ground was also considered to be a proN c iilcat interes.

NaUvy and Consiguard research

Possible areas of common inteest werediscussedL The Navy hanve ucnoted experment an the penetration of
wc sheet but this data only extends to 2 feet dtick sheeL Data fivin thicker ice sheets would he valuable.

Haboor construction is the responsibility of the Corps of Engineers, not the Navy. The Cut~guari als have
an inta cst in this ameaand have tested model ships atCRRFL.

Copies: Signed:
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SProposed research no from heave

The project proposed by Coodigs to model from heave on the ouifuse was dtsgcaseL Im first phase would
Saddress the amtroof frost heave m the faee field. wus two differenm sails, two diffast water tables mad

experiments at a variety of g levels. The experiments would be conducted in a circular tub with a constmat
temperature coanditio at the bae and inulated walls.

During phase 2 a foing or pile foundatioa would be included in the sodt ad subject to several freeze thaw
cyde c

The meeting coududed in the early evenig.
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Project: WES Reference: 25-03-ROM-053

Present: RSS. ANS, RHL, S Ketcham, Darte 6 October 92

T Tucker. Devinder Sodhi and Time: 8.45 am

CRREL staff Prepaed RSS

Notes: Ice Engineering Center. CRREL

Subject: The Army centrifuge: cold regions applications

The background to the application of cod regions modelling using centrifugcs was discussed. Expaence had
already been gained in frozen ground expeuiments. The sea ice or iceberg area was considered more challenging
because of concerns about the nature of fracture mechanisms.

However. monies would be available during FY94 to develop a sea ice container for use on the Army centrifuge.
Collaboration would be sought with P Wadhams and the Scott Polar Research Institute in Cambridge to study
the plane ice sheet problem and the crushing of ice against a Molipaq (or similar).

Buckling of ice sheets was regarded as a simple experiment. Ice structure interaction models could be used to
analyse the results of the centrifuge model. Tlere could be considerable interest in this area in a Joint Industry
Project with oil companies (but not with Navy - although it was noted that there is an Ice Mechanics Advanced
Research Program finded by the Office Naval Research in place which has funds to continue for some years).

The planned delivery of an Acutronic centrifuge to CCORE was discussed. Although informal visits take place
there is no collaboration between CCORE and CRREL.

Research interests in the sea ice as -a might also include:

1) Ice growth (fundamental research);
2) Forces involved in pressure ridge formation; research needed for ice forecasting models used by Navy.
3) Ice-structure interaction; submaine fin breakthrough is of interest, although this has waned recently. Now

oil industry interest is recovering again because of developments in offshore Siberia;
4) Remote sensing of sea ice by satellite; passive and active microwave images (ice concentration, type of ice.

thickness of ice);
5) Weapons effects research (eg torpedoes) has been of great interest in the past but since the loss of Malcolm

Mellor there has been little further work except for some studies of mine performance in snow;
6) Penetration of projectiles into ice;
7) Navy interest sems Lmited at present to acoustics and the interpretation of characteristic signals of

different failure modes. A possible link with Professor Ffowcs-Willinms at Cambridge was mentioned,
8) Properties of rubble ice and pulvuised ice.

In the analysis of ice behaviour it was agreed that fracture mechanics (used to explain the low failure loads
observed in the field) had probably been "pushed too hard" and in practice the extent of its application may be
rather limited.

It was agreed that D Sodhi should sit on the coordinsting committee to represect the ice work.

ANS&A's role was discussed. Tais included:
a) Definition of set of initial experiments;
b) Quality Assuance of Actuninc;
c) Quality Assurance of building;
d) Support from resideat Associate in Vicksburg for some years;
e) Delivery and csisminsiouing of appurtenaces..

Copies: Signed:
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As a pat of the capailities to be deivered the control of the test environment would have to icliude a capability
for cooling sad freezing in flight It was agreed that a specification for a cold package would need to be agreed
by Spring of 1993. S Ketcham would prepare an initial response in this area.
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Project: WES Refence- 25-03-ROM-054

Preset RSS, ANS, RML. S Ketcbam. Dam 6 October 92

E Unk, Timue: 10.00 am

Prpared RSS

Notes: CRREL

Subject: Summary of CRREL involvement

The involvement of the Ice Mechanics Group had now been achieved. It was clear that he opportunities to
establish links with other groups at Cambridge (eg SPRI or in acoustics) were strong and ANS&A would look
to set up ajoint research project over the coming year.

There was a dear need to clarify the equipment during FY94 for cold regions work; the importance of achieving
skilled technicians and mechanics was noted. It was expected that equipment would be duplicated at CRREL for
model preparation purposes.

In the area of weapons effects there had been no successor to Mellor. Work on mines in snow had been
undertaken by Johnston in Alaska field office. Weapons effects on structures not considered important: no
missile silos in arctic and radar sites very soft anyway.

Contamination issues may become very high profflc in Arctic, CRREL presenly seeking to collaborate on
providing consulting advice to oil companies to support work in Siberia.

It was confirmed that basic research initiatives funded by the Office of Naval Research were limited to the are
of optics, dectromagnatics and mechanics.

CRREL would be shadowing work of Goodings on frost heave if her proposal was accepted. The priority would
be to use the centrifuge initially as a research tool for basic issues.

Interaction with CCORE is important to CRRSEL The opesaing of the CCORE centrifuge, scheduled for June
1993. was noted. However theve aemmy areas where collaboraion with WES is advanced: these include
pavements, aiviromnaital, hydraulics (ice) and mobility, and weapmos effects in snow.

The tight schedule within which ANS&A has to specify and supply test equipment was discussed. CRREL
involvement would be needed in the defintion of initial experiments and in the devdlopme of a programme for
the commismoning of copabilities. Two items of equipment would need to be fully specified by May 1993 to
modl ice and frozen ground. There was am a need to identify necessary support facilities uch ias cold rooms
anti freezs. S Kteham would coordinate this activity with D Sodhi.

The development of equipment may require prototype ting to prove the concept CRREL will not support
development of equipment using own PREP funds but will glafly participate in WES programme.

The impostance of involving the Districts (eg Alaska and Transatlantic) in finding new proects for the centrifuge
was noted.

Copie: Sgne

&-) ;.
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RECORD OF MEETING

Project: WES Pderenme 25-03-ROM-055

Present: RSS, J-FC. AFA Datm 26 October 92

Tune: 11 am

PCIEnM& RSS

Notes: Meeting at Les Clayes

Subject: Cntrifuge progess

Mechancal design

Acutrunic have, as of now. used up almost all design hours. predict overmu of around 2000 hours on prqect as
a whole. Completion of redesign of pins and hinge to save weight will require authority from WES.

The weight of the centrifuge has increased by around 20% ova the original design: now around 60 tonnes. This
was principally due to the change in weight of the swinging platform - it was noted that this should probably
have been realised earlier.

However. G&A expenses and overhead costs have reduced from the proposal. This will compensate to some
extent. A report on the cost implications will be submitted to WES shortly.

The following design items are unfinished:

a) pis and hinge arangement;
b) services and service dcannels on platform;
c) attachment points on straps.

Pinalthinge design

Now revised fwar to use standard SKF bearings
amd to achieve 640 van width of ac• boom along

full length. Stres analysis shows acceptablesave levds in boom. Pin will wed to beoO 780

It was noted that this was nota design varation; this is theI

frt acceptable solution that meets the design criteria.

Services H-Mo-6W
R Phillips letter to J-R of 19 Ocober was circulated as a bais for discusson. Variations between the service
requiremnats a detailed in the letter and those in the proposal 'C version were discused.

Requested roposed Acutmoic
coniigmation configuration

Signl 64 46
Video 8 2
Power 12 12

plus access to 8D Amp dslaprig (80 Amp protection)

cpe.Sig-&I.
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optical 4 1
Hfigh pressure
hydraulic 4 2
Low presure
hydraulic 6 4
Coldrings 2 0

Such a configuration on the electrical slip rings is possible. Fusther optical joints could be ordered However
there is insufficient space for a significant inacrase (eg to*12) in the number of rotary hydmhdc joints. Space is
only available in plan sam for around 6 lines of 10 mm diameter (C.CORE cold lines are this size). At present
8 channels am planned but although tie length of the unit could be slightly increased the building design would
need to be modified if the joint became much larger. Alternative arrangements, such as having 4 high pressure
and 2 low pressure (total 6 lines), were discussed. This would require some modification of the existing design.
It was noted thrat the joint had already been ordered, however. around 1 month previously. J-FC would check
with R Phillips and contact Acutronic (iN-F).

The C.CORE rotary joint is the same unit as proposed for WES with the exception that for C.CORE two of the
lines are cold. These have special seals and there is provision to maintain circulation in the other lines when in
use, but otherwise there is no significant difference in the design. iN-F will enquire as to whether there would
be any difficulties in changing the specification to include cold seals on two of the low pressure lines (against a
future change in policy at WES in cold models). In all previous discussions with WES, however, it was noted
that ANS&A had not advocated the inclusion of cold sings.

Further options for providing high pressure oil to a package could include repressurisation on arm eg. from the
ink-flight balancing circuit. This is delivered at around 60-70 bar and could be used to provide pressures as high
as 200 ber through repressunisation.

Agenda for visit by RHL to Lea Clayes

The Final Design Review meeting will be held at Les Clayes on Wednesday and Thursday 18.,19 November. Mr
R H Ledbetter will travel from WES for the meeting. Actutronic will provide a complete set of drawings and a
copy of the grey bock of doctuaentation. The design process will be presented elemnst by elanent aid decisions
on the choice of materials mnd the impact on coat, weight etc will be discussed.

The princqipe mrvsfor disciussion relating to mechanical design will beoan resonant firequencies and the swinging
platform and pain/hinge arangemnt~

Arrive c. 10.30
Visit building
See C.CORE SMS, Power Amp, Logic and Relay
See LbWE 661 centrifuge with autcmtistc belancing
See deign office
Ibesetwation of Meduartical Design

CantrifugetBuilding

The: disance fron the centrifuge to the control room was discussed This has been estimated to be 27. from
dfrawings. The maximum physical length of the cables is approximatey Som and it is anticipated that the camle
rns will be dlome to thislinit. If the actual cable reas wte more than 50m. then amplifiers will be needed,

togedse. with a redesign of the inierface.
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RECORD OF MEETING

ProjOA WES Refcra= 25-03-ROM-056

g Present: RSS. ANS, RHL, RP Done 17 November 92

Time: am

a eqmue RSS

Now: Camnidge

Subjce Agenda for Final Design Review meeting

The Agenda for the forthooming Final Design Review meeting was considered in detail. It was agreed that the
mechanical and clectrcal design should be considered in the following order

Platforim slab and pin connection;
Pinastfiing dailt;
Boom and boom divides;
Counaweights;
Drive box;
Suspemion system and inflight balancing;
Drive system.
Slip ings, rotary joints, services;
Attadmlent points. cable runs, termination panels;
Issues concerned with die design of the containment structure;
Safety mnamagement systems and Acatronic contol. systems;
Conurol building and cotrol oom.

Trainng needs and teat development prior to anival of centrifuge was discussed. The minidrum could provide a
usdul vehide for teaching activities in cold regions. polludt n and carlquke.

The natu of ANS&A s support during FY94 and beyond should be defned as soon a possible, as R•s
position at WES depends on availability of funding.

C .... l-



ANS&A Ltd

Page 1 of I

RECORD OF MEETING

Project: WES Refeenc 25-_3-ROM-057

Preset RSS. ANS. RHL. RP, Dat 17 November 92

Gopal Madabbushi, rime: pm

Keith Wilkinson PN13uL RSS

Notes: Combridge

Subject: Appurtances

Blast Tub

Need to define specafication; a blast tub with lid could easily exceed top weight capacity at 350g. The
dynamic impulse would need to be calculated but it may be that the biast tub was restricted in its g
operations to a lower level to prevent overstressing of the platform and 350g.

Agreed that an inutial specification/performance curve would be prepared by ANS&A for CIEL to consider.
CIEL would respond with concept and outline cost, milestones etc. ANS&A would then iterate with K
Davis and J Balsama of WES before seeking detailed design drawings from CIEL ANS&A would then agree
milestones with CIEL to provide appropriate mechanisms for cost tracking and perfonnaice monitoring.

Data Aquisition System

ANS&A will prepare scheme (RP) for consultaion with H Gree of WES.

Circular Tub and In-flight paendrmee

ANS&A to prepare specification.

Future apputnances;

Further equipment is likely to be required during neat year (FY94). Some aspects of earthquake excitation
could be explored relatively inexlpensively on the minidrum. The usefulness of the mimdrum for traiing
was disaused.

A
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3Project: W/ES Refeurene: 25-Q3-ROM-O58

PresagL RSS. J-FC. AWlf ANS. RP. Dat 18. 19 Novenber 92

H Vass, J Nar~ia. SN-F. AFA Time: 11 an

Prepare& RSS

Notes: Meeting at Les Clayes-sou-Bois

Subject: Final Design Review Meeting

Attendance

"RH Ledbeue (W/ES). J Perdtiat (AFA).
"R S Steedman (ANS&A). H VOSS Vý US).
"A N Schofield (ANS&A), J Nicliolas-Font (AFA),
"R Phillips (ANS&A). Staff of AFA.
i-F Cortd (ANS&A).

The meeting was chaired by RSS. ANS&A's Agenda as previously circulated (copy attached) was adopted.

Introduction by AFA/AUS

liV and JP introduced the suff of AFA. HV proposed three godls for the mecting:

1. To agree that the design does meet the performance crttnai and that three have been no changes
to the performance anttaia that AMA am try*n to meet.

2. That the design hb been revnewed by ANS&A aid meets QA and safety standads;
3. To discuss recommedations for changes and additions.

AUS and AFA were prepaing an updated schedule, cost to date and cost to completion,
which would be ready in two weeks tinie (11. AMTON 1:1WV

A set of -t~o-datedrawin, 2had been prepiared together with the fmily tree.
SP would supply a document siilaining the useofdite family tree 121. ACMON 2: JP

The basic design was complete; JP coummented that ceetan requests had been made dining dhe design
which would need to be conuidered at thos meetin and approved before they could be implemented.

Design Review

The designen hadl needed to consider deflections and stresses to sias and evdluate wagiL The
tubularcomuuaieon had proved too heav. n hoecm b stuctr a chosen based ananudl

Blockdeme hadbeen adopted for the pins. winch wereaebedded into the platform slab model.
liaie lodcohdbeen conied out tadl ova full .crcular footprint and internal pressure. A

retglfamiptiMbant beenecouidareed

Copies: Signe&
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The ANSYS calculation could be used to create solutions by superposition, although this would
obviously nee many rume of the calculation and would parhalps require the WES conmputers if the
quarter slab model was to be extended to a full slab. The ANSYS model could farmt the bosi of the
deliverable in dhin ares this would be a reduction in scope from the contract (which requests a
method by which safe loads on the pladfoem can be dclined by the user).

Mw~ disktettes; with the ANSYS model will be supplied (3]as soon as possible (I week). ACTION 3: iN-F

Definition of dynasmic loads on the platonn was discussed. This may need to wall umtil the
machine has been completed and dynamic tests have been carried out in flight It was sgreed ffiat
ANS&A will proceed on the basis of the design drawings of the platforn, to be supplied by AFA
[4). and will provide their expectations of dynamic loading to Acutronic for consideration and
commisent [5]. The definition of dynastic loading would then be advanced by interaction with
Acutronic. ACTION 4: JN-F

ACTION 5: RSS

High strength steels have beesn used for the WIES platform (as for Takenaks). The ANSYS
calculations indicate that at the fatigue stress levels considered. rich material would withstand
around I million cycles to failure. The Tison steel was quoted as having a 13% extension to failure.
It was noted that this seemed high; the specification will be sent to ANS&A [6]. ACTION 6: JP

Welding details on the bottom plates will be visible but concern was expressed by ANS&A over
changes in cross-sectional thickness of plates on underside. T'he change in thickness from 20 to 15
mm could be critical in creating local stress concentrations. Options for instrumentstion were

ccoussderek, the SMS includes 3 or 4 straim ganiges on the platformn- these have not yet been defined.
It was noted that full penetration welds will also be deeper than the plates they are joining and this
will help to smooth stres flows. The Institute de Sooudtr (welding insttute) will produce: an
analysis by the sAM of fabrication. The preanslysis report (in FRench) will be sent to ANS&A
as soon as possible M7. ACTION 7: JP

Inspection of welds was discussed. Hales in the paneds on the underside am sealed at present to
avoid chrome plating getting inside Holes could be mschined o1st later if necessary. Institute de
Sonduret will be asked to conmment on caeof future inspection of imntena welds [8]. ACTIONS8: JP

Fixing points on the top of the slab were discussed. 'Threadled holes would be significantly mome
diffscult toduill once chrome plating is complete. Sudfae of slab could be nuked to show, position
of ribs. Could use a template which was laid over the top of the platform. An aluminium plate
could be used in place of a rubber mwe to reduce, local contact stresses.

Theli plastic collapse mechanismn and nature of ultimate failure of the slab have not been defined by
Acutronic.

Pim have been designed using both the slab mnod~el (for stresses in the imntror) and a huge support
model for the concentration of stresses in the pin and the selection of material. Pisns we attached
using a cetral hait with six other on the periphery; this provides a redundant system.

The load on a single strop will increase, if loads we concentiated-near out or other pinl. It was
considered that anecoeentric load at the top or bottomo would probably be the worst case - a central
load would be less severe. The hangers will be forged and laminated. then milled into shape. Fmic
wagha mound 1400kg.

Attachet points shown on drawings arm for the attachment of the comnposite shroud and framLe
The shruad will be made by Coualalds and is within budget ald lightweight.
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Mic nature oflthe calailatic met~hod was dwossued. An imawcme in dsser to 780 mus aparetly
Save stres conoientraula. within gives limita bua in fact calculation met~hod was inadequate;

Soiaticat were abadore considered which could aecp pumumat strain.eg. a bushing. Redesign
4would in=adklaiticmal oa~ts and cue an overrun, ANS&A raecmmened that msy ovar na rcost

should be explained to WIES.

Further imp~lications of adopting a hearing solution, for example on the boom divider, waer
diSoSaLu

Theic boomsa have been forged in dhe UJK and appropriate testing, including chemical analysis.
ultrasonics have been or an being carred out. The: Machine could carry additional load in two ways,
either by adding fixed counterweights or by an extension of the boom. Acutronic will provide a
description of these options with their cost implications 19]. ACTION 9: HV

The present design of the boom divider does not include holes for services. Acutroetic awe contracted
to provide service channels as farm thde end of the booms but services (wifing. hydraulic passages
etc.) stop at the slip fing stack (,except for the IV and inatnanentation services on the platform,
strain gauges emc). Thle cuter boom divider has not been designed -tall (although somre analysis has
been done). Frather input is needed to agree the nature of thedcannmels to be provided [10]. ACTION 10: RP

Access between the booms will be provided by a Vid/guiLWg mounied at the underside of the
booms Channels for services will be provided on either side of the walktway. Drawings of the
T~saketal system were discussed a a basi for the VIES model. The grid will be mounted on stilts
where is ponsse over and around the drive box (these stilts form a matrix of strong points).

The nat=r of the high fluid flow symeem needs to be considered wefdully asan integral part of the
centrifuge design. fteferrces were expressed to have such a syatema underslung if at all possible.
ANS&A will explore ideas for the system [(I I ACTION 11: RP

nomatss of the counterweights can only be finalised once final deolmus have been tai= at the
platform ed. Deedle drinwings will be Irue once gre~ has been readied on the phlbn/mge

In-flight inxm ues three, phue: power - cmuretly the only use on-urn of diee phase- No
gumaratee can be given on the g level apto which the miotor will operate

Lergorbearings havbeen seetdtha necessary for atrusiag rawous because of the high rsnn
frequeincy of the isyama. WK have reaslysed dhe bearings. which now have ahobiow shaft leading
down so the hydrajic rotary joint. The drive box design is now completely ruimshed it will be
f~nad ficu. nodulaiCtwms

Support for incwsat the centea be provided using the stilts mounted on the drive box. The
structum ms be symetrical. It is possble dog woe tappings could be maide int the lower
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The lowest anaural frequenacy of the miachine is predicted to be 6.5 Hz.. The mounting springs have
been. sized to achieve a sety coefliaaur of I following a total loss of thse payload (catastrophic
inbialane). Stuan ganges used to n 1 urbe ibLanc were them sized to achieve suficioent
sesimtivity. The usaxiuntun imnbalance in quoted as 200000 N (a mny z level). At 3501g this
corresponds to S7 kg. Sensitivity of strain g~ge is mafficdent to neassale 10 kg at lOg (ic.
1000 N).

The springs would need a very high quality surface finish mad precautions to minimi se internal
defects, In the event of catastrophsic imbalance it was noted that they will be subject to may
hundreds of cycles to their limiting strms state. However systems have beow designed to prevent
lift-off (two bolts on each leg are specifically for this purpose) and this was agreed to be
satisfactory.

The importance of locating pads accurately on the concrete foundation was stressed by AFA. A
proper tool would be required for this.

Services and attadument pointl

ANS&A's letter, sat by RP to J-FC and copied to Acutronic at the last mieeting, provided a good
indication of ANS&A a intentions. Diffliclties with passing the services from the boom divider
mondu the hinges and onto the plaotfoa were diseaissed at lasg&h

It wim agred that ANS&A would finalime a letter 1121 recoanunenkug the nature of service and
service channels to be provided at the dip rings. along the' booms and onto the platform, which
would he submnitted to Acutronic: for their consideration following approval by WES. (See also
discussiont onder Slip rings, below.) ACTION 12: RP

Acutronic will review ANS&A's lessee to WOS on recoiasodations for the provision of services
onto the pldaiceansiwill prepma a cost proposal for WES to provide both the support systems and
the noessary piping Und wiring 1 131. ACTON 13:1WV

The mneeting was adjourned at this point and reconvened the following day.

Prafstlatlom of Design Methodology

Before remainng the design review, the presentationt of design cdlculations was discissed. It was
noted that it was "o Aaumnanic's practice to update numud computations documented in the Design
Book even where signifieaut deegn lamgaes bad taken place on the basis of FE omniputatino.
ANS&A stressed the inmportance of explaining the full logic of the desig proacss in the
documentation. It was agireed that Aavtromsc would provide a cmmncitary, even if only brief, on the
FE analysis and design presented in she doanntentation [ 141, such that a future user could follow the
logic of the design proces. ACTION 14: iN-F

Design Review (esutid)

Calculations for the power requirunctnts for large ocintrifuges developed by Acutrocac a- generally
accite so 3-7* from eperience. Below 10 g no guaransee can be provided on the rate of swing
up. However it wansounmd that taigesitidl accelerations at startup aust he sniall and estimate of
the acicelerations at low g were then discussed.

It was tintd do tangential acecelrationshdould be limited to around 11/10th of the acceleration
nornd to tdo platform. This was not considered to be a difficulty but would he checked 1151. ACTON 15. iN-F
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on slowing down power will be returned to the mauns for a brief period. The implications for WES
were discussed; solutions can be adopted (eg. using resistors to dissipate energy) if this is not
possible. it was noted that WES have their own substation RHL would investigate this further
with WES 1161. ACTION 16: lRlL

The instruction manual for installation includes a questiofaire on power supply; this needs to be
rechecked [17).A simple insuillation manual for the 685 centrifuge was discussed. ACTION 17: RHL

interference with signals from the arm was discussed; it was noted that hand limiting is necessary to
achieve good Signals and that the physical separation of the slip rings froum the esotor set is
advantageous.

Installation is considered to be straightforward; the skid will be delivered in two pieces.

Vibration from the dhive system is regarded as "absolutely nothing", the design of the foundation is
based on the maximum imbalance and not on imbalance in flight.

Control Systems and SMS

There is extensive commonality between WES and N kenseki (85-90%); differences in the SMS
arise where acclerometers are used at WES for vibration meaisurement insa more extended manne.
Thecre are other differences in instumaentation of the motorised counterweights.

Future development could allow user-defined shutdown sctommos. A small indiustial pc and data
aquiution card we used on board for storng and inonoitong differet parameters.

It was agreed that it would be valuable for power electrical experts at WES to review Acsstzrons's
systemt design. Concern was expressed over the possibility that power outages could cause dantoge
(as these occur quite frequently in the arm). It was noted that the only possible damage that could be
caused would be if the outage happened during braking of the centrifuge anid was also coincident

wiha thyristor firing; in this event fuses could be blown. Overvoltage and undervoltage protection
is provided against in the suipply.

At present the computers used in the SMS do not have tunnterniptible power supplies (UPS) -

although a flash memory with a battery is used in the on-board coimputer. Acutrostic will review
with their software designers what information may be lost [18]. ACTION 18: J-NF

Concern was expressed over the frequency and severity of thunderistorms in Mfississippi. It was
ageed thim thunderstorm protection should be discussed with the suppliers (lihance) (191. ACTION 19: i-NF

SUR dogs

On the slip ring stack a sin&t passage optical mnit has becit ordered. The electrical slip ring stack
has not been ordered but AFA have one in stock (identical to Kajima) which they were expecting to
use

Further consideration is neede in this as= WIES and ANS&A will be specifying their requirements
in the area of the slip ring stack in the letter currently being prepare by RSS sand RP for WIES
[201; Acutronic will then respond on practicality aid cost implications of ANS&Wa' proposals for
the slip rnag stack (211]. ACTION 20- RP

ACTION 21: JN-F

Thet hydrasdic: rotary joint has been ordered. An option of exchanging two of the low pressure seals
for cold seals was discussed. It was noted that the currenit design would not acepit salt water or
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aodic fluids. ANS&A will deine requirements for die hydraulic passagesanmd aummansc in a letter
to WES [22]. A further option would be to consider purchasing a second rotary joint which could
provide alternative seal frrangemnats. ACTION 22: RP

This completed die review of die inechamciel aid electrical design. The meeting then considered tie
implications for other aspects of the projct.

Contnlnaueot Structure and Control Building

The centrifuge location had now been fixed after many iterations. Thec control room location was
noted to be qmite distant fron the containment structure - the cable runs will need careful
consideration. Thei high stiffness aid mnun of die struictuire was neddto control the natural
frequency - although this conflicts with the ideal criteria of breakthrough in the event of loss of a
package. It was noted that heat dissipation through the wall will be highly affected by the level of
insulation. Heat dissipation has not been considered in the design of the centrifuge.

T'he space above the centrifuge chamber could be used to store equipment for buffering analogue
signals fromt the machine. It was also noted that a repeat station would be needed in the model
preparation room adjacent to die centrifuge chamber. Views were expressed that in the long term
the control room would be likely to be moved to a mome convenient location.

It was recommended that the roof structure should be capable of supporting the lifting of the

Ventilation ducts in the floor should be kept separate along their full pathway to ensure that the
total outlet ams was similar to the toW input area.

It was also noted dhat the door design was shown incorrectly on present drawings; the Acutaronic
door (as offer fromt AFA to AUS) would be flush with the chamber wall.

Cotncen wa expressed ovar die predominant wind direction and the orientation of the air inlets aid
outlets; this would need to be dickedw (231. AMtION 23: RHL

The provision of doorways, particularly hldin -a of fth building subject to a large a- press-r
daciffrec, was questioned. It was agreed that thisshould be reviewed together with consideration of
sccess to, and use of. dhe apece above die centrifuge chamnber [241. ACTION 24: RH-L

Aentronl Programme

Acutronic noted that the design was ready for the next phues. provided changes were no introducedL
Agreemnest would be needed from WES to introduce any dimiges. Issues which have been raised
which would have an impact on cost and prograsmme include:

1) Mw bearing aid hinge detail (cost aid programe),
2) The slip sing stack (cost. probably no programme);
3) Pwooirement regulations - availability of funding;
4) 'The bidding dedgn - ctnsequeinces of a delay;

It was noted that if die present design was accepted, dimn die centrifuge coold be completed earlier
than schdued (if the fsunding was available). Indeed die progruamme had aliealy beeni accelerated (in
kan. of money exrpended). The WES centrifuge is presently the last on line - and therefore could
beacelervaedif required.
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Commissioning

The subject of commissioning was discussed tn case any new issues had aisen from the design

phase, although Acstromnc we not contracted to provide a commissioning plan until later in the
programme. It was noted that AFA have an ATP (Acceptance Test Programme) which could be
pWviedif ro:iai.

Other issues which might have a hearing on the commissioning include the uommissioning of
appurtenances such as the blast chanber (which would be tested at lg first).

The pladorm slab could be tested statically, but this was done for LCPC and calculations were
validated at that time-

Concluding Discussion

RHL reported on the WES perspective.

It was noted that WES were pleased and impressed with the work thus far. Their decision, taken in
consultation with ANS&A, was that the present design should be accepted. A cost estimate would
not be required for the development of the hinge to use bearings.

However. estimates were expected from Acutromc for:

1) The extension of the boom or use of additional counterweights to maximise the available
potential of the centrifuge; this estimate should include comment on the possibilities that
such a modification would provide; SEE ACTION 9

2) The provision of supporting structures and services onto the platform; SEE ACTION 13
3) An alternate (upgraded) slip ring stack based on ANS&A' s requirements. SEE ACTION 21

RSS then summarised other issues of concern to ANS&A.

ANS&A's copy of the Acutrunic Design Book will be brought upto date and mailed back to
Cambridge as soon as possible [241. ACTION 24: JN-F

Drawing packages will be mailed to the appropriate individuals [25]. ACTION 25: JN-F

Section C-I of the deliverables to the contract was then reviewed.

Under item a) concerning the definition of loads on the slab, it was agreed dint die deliverable from
Acutronic will be their ANSYS model package and a friendly interface for use by users on a pc
system.

Undkr item b) in the first instance ANS&A will provide their dynamic loading concept to Aastronic
for consideration and comment. As noted during the meeting a find defitution of a dynamic loading
envelope will not be completed until dynamic testing of the machine insitu is complete. SEE ACMON 5

Meetings notes will be prepared and circulated by RSS [261. ACTION 26: RSS

RSS expressed his appreciation for the rangenents made by Acutronic for the meeting;
considerable business had been accomplished and an important milestone had now been passed. The
meeting was dosed at 330 pms.
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WES CENTRIFUGE (CONTRACT NO. DACA39-92-C-0016)

FINAL DESIGN REVIEW MEETING

18/19 November 19912

Acutronic France SA, Les Clayes sous Bois

AGENDA

Attendees: Mr Richard Ledbetter WES Mr Jacques Perdriat AFA
Dr Andrew N Schofield ANS&A Mr Juan Nicholas-Font AFA

Dr R Scott Steedman* ANS&A Mr Jean-Pierre Aliphat AFA
Dr Ryan Phillips ANS&A Mr Jean-FranQois Ona AFA
Mr Jean-Franiois Cortn ANS&A Mr Mamdouh A Gawad AFA
Mr Henry M Voss AUS My Patince Sabard AFA

*Chairman 18111/92

1.0 Welcome, introductions 10.30

Tour of facilities, including C-CORE and LNEC equipment

2.0 Status of Documentation 11.00

2.1 Mechanical and electrical drawings
2.2 Design documentation (grey book)

3.0 Design Review 11.15

3.1 Small swinging platform, pins and hangers 11.15
12.30 lunch

3.2 Pin/hinge detail 14.00
3.3 Boom and boom dividers 15.00

15.30 coffee
3.4 Counterweights 15.45
3.5 Drive box 16.00
3.6 Pivot (bearings) 16.30
3.6 Anchoring systai (inflight balancing) 17.00

19/11/92

3.7 Drive system 08.30
3.8 Acutronic control systems and SMS, control room 09.00
3.9 Slip rings, rotary joints, power and DAC services 10.00

10.45 coffee
3.10 Attachment points, cable runs, termination panels 12.00

4.0 Containment structure and control building 12.30
12.30 lunch

5.0 Programme 13.00

6.0 Commissioning 13.30

7.0 Any Other Business and closing discussion 14.00

8.0 Depart (for 1730 flight) 15.00

RSSIRHL 17 November 1992


